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The limnology of a freshwater pond *ith special 
reference to nutrient pollutants which cause aquatic pollu-
tion was studied and the effects of such pollution on the 
growth end development of the fauna and the flora In the 
pond wars investigated, A number of physical and chemical 
const!tuents were analysed. I t was found that as a group 
chlorophycea© depended on nitrate-nitrogen for i t * growth 
whereas diatofc population was greatly controlled by tha 
phosphate available to them, multiple correlation studies 
showed that chlorophyceae, aacillariophyceae and euglenaceae 
v*ere &tii*ulated by the presence of phosphate, acioonia-
nitrogen and nitrate-nitrogen. The presence of microcystis 
sp» in large nu&bers Indicated eutrophic nature of the pond. 
Also tha pono vas found to be a polluted ecosystem due to 
heavy loads of nutrients and, disarrayed exhibition of 
physico-chemical end biological charac ter i s t ics . 
dhort %®m experiments of s ta t ic bioassays were 
conducted to determine tha LQ50 values of Chsnna punctatus 
at tlsse intervals of 24, 46, 72 and 96 hours *ith DDT, 
siaiathlon «*nd sevin. These t e s t s w«re performed under vary-
ing conditions of temperature, pH and hardness. Temperature 
vas found to hisve a profound influence* on the effectiveness 
of the three toxicants. Hardness as an environmental factor 
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reduced the tox ic i ty of the three chesdcals to the f i s h . 
pH of * s t e r did effect the s u s c e p t l o i l i t y of the f ish t o 
jralathion and sevin thereby thes® chendeals vwrre more tox ic 
a t ioiwsr pH than et a higher one. Different however* was 
the case with DDT, In general th# t o x i c i t y of DPT t o the 
fish was grea tes t followed by $»aiathion and sev in . 
^nfts cor cen t r a t i on* were determined by subjecting 
the f i sh , Charma ounctatus to sublethal doses of DDTt seal a-
thion and sovin for s ix ty days. At thes» safe concentrations 
the growth of the 11 sh over an 8 week p&rlod was observed* 
The grovth was g rea t ly accelerated in a l l the th ree toxicant 
B*adiuEiS» Hot.evt.r» tha well baling of the f ishes (condition 
fac tor , K) was low cofapared to normal of.ee. 
Channa punctatus was also subjected to graded concen-
t r a t i o n s of toxicants in sealed containers t o determine t he 
threshold t ox i c i t y of the insec t i c ides by analysing the 
oxygen content in the j a r s a f t e r the death of the f i s h e s . 
These threshold tox ic i ty values were compared with acute 
t o x i c i t y LC5Q values obtained by conventional bloessay t e s t . 
The t o x i c i t y values of both the methods remained sioi-e or less 
comparable. 
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The knowledge of the occurrence of fish in India 
dates back to three siillermiurc B.C. (Hora, 1956} and excava-
tions made at fcohenjodera and Harappa during the period 
2500 B.C. to 1500 B.C. have indicated their use as staple 
food for man. To king Someswara goes the credit of classify-
ing the fishes of India into marine and freshwater reverine 
forats and publishing the famous book 'Manasoltara' in 1127 A.D. 
The first modern writer on Indian fishes was 3LDCH whose 
splendid "Auslandlche Fischs* was published in 1765 (Day, 
1878). But the epoch staking contribution on Indian fishes 
was that of Day who prepared two exhaustive treatise on the 
'Fishes of India' in 1878 and 1689. 
Cuiturinq of fishes in the Indian subcontinent i s 
hundreds of years old. In Kautilya's Arthasastra are stated 
the ways of poisoning fishes in the reservoirs at times of 
war which indicates that fish culture flourished in those 
days (Hora and Pillay, 1962). Manasoltara has described 
methods of fattening fish in ponds through the introduction 
of farm wastes in a controlled manner, in India warawater 
fish culture, adopting emperically developed traditional 
methods of pond management mainly remained confined to Bengalv 
Bihar and orlssa t i l l the begining of the twentieth century 
when many exotic species were introduced in Indian waters and 
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a big fish faxm was established in Tamil Nadu in 1911 with 
fac i l i t ies for breading, rearing and stocking the carps. 
However, despite ail such achievements our knowledge of 
fish culture and associated problems i s s t i l l far fron being 
complete* India i s rich in inland water resources; i t s 
rivers, lakes, ponds and irrigation channels support fishery 
of various kinds but much attention has not been paid to 
exploit these resources, i t was with this aim of obtaining 
a better insight into qualitative and quantitative relation* 
ship between th» conditions of water and the occurrence of 
different aquatic species therein that the present studies 
were conducted to study the physico-chemical characteristics 
with special reference to nutrient pollutants of a lentlc 
ecosystem, the Diggl pond at Aligarh during various seasons 
of the year and correlate these conditions with the population 
density of i t s aquatic fauna and flora. 
In our effort to provide more food to increasing 
population cropping methods *r» being improved and huge amounts 
of chemical toxicants are being sprayed to suppress injurious 
pests and increase crop production. Also various public 
health agencies are using insecticides for the control of 
vectors of human and animal diseases. It i s this indiscri-
minate use of insecticides that has resulted in the accumula-
tion of harmful chemicals in the aquatic environment and bring 
about fish mortality, their inability to reproduce and 
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undesirable taste. It Is therefore essential that permissible 
l imits should be determined for the use of chemical toxicants 
in water bodies. Keeping this in mind the present studies 
en the sensitivity of e ccanmercially important species of 
*isttf phanpe, mmctatus to DOT, tielathlon and sevln were under-
taken. 
In India studies pertaining to the effects of different 
insecticides on fishes ar* meagre and whatever information 
i s available relates mostly to adult fishes. An attempt was 
therefore nade to obtain baseline data of the susceptibility 
of the immature stages of the teleost, Chsnna punctatus to 
DDT, mslathion and sevin. 
Channii punctata* Inhabits freshwater* of Southern Asia, 
Indo-4'.alayan Archipelago, China, Aetna basin and tropical Africa. 
The Indian subcontinent falls in southern Asia where the 
climate i s generally extreme and therefore experiments were 
designed to study the effects of variable v-ater temperatures 
on the sensitivity of Channa punctatua to different insecti-
cides. Similarly variable ranges were selected for water 
hardness and pH to observe the sensitivity of the fish to 
different chemicals. 
An attempt has also been md» to observe the effects 
of sublethal doses of the toxicants on the bionomics of this 
species of fish. Conventionally, the susceptibility levels 
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ar* determined by traditional bioatsay anethod which contusm 
considerable Una and energy. To overcoats thlt inconvenience, 
real dual oxygen tests were conduct ad in order to assess If 
a chemical toxicant can be discharged at tone defined rate 
into the receiving water without causing injury to the 
aquatic fauna. 
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Water i s required not only for irrigating fields, 
maintaining fish farms and generating power but also for the 
disposal of the wastes. Domestic and industrial wastes* 
presence of excessive nutrients and pesticide! residues as 
also radioactive wastes are all well known contaminants of 
the environment. And these »r» socio of the ways in which 
water gets contaminated. Therefore, studies on the limnology 
of water and pestlcidal effects on the fishes would be very 
useful in furthering our knowledge to increase their produc-
t iv i ty for human needs. 
Despite the fact that the science of limnology i s 
relatively a new descipline i t has added much to our knowledge 
of freshwater habitat, i t s fauna and flora. The discovery 
of microscope and advances in analytical chemistry have made 
i t possible to study the quality of water with respect to i t s 
l i f e giving properties and this has laid the foundations of 
modem limnology. 
The maintenance of a healthy aquatic eco»systerc i s 
dependent on the physical and chemical properties of water 
as also on the biological diversity of the ecosystem. Fishes 
are especially sensitive to the limnological condition of 
their habitat. In the words of Jhingran (1975)"the produetl-
- 6 -
vity of a water body cannotes a characterist ic , whereby 
l iv ing substance i s manufactured through interactions of the 
constituents of the natural environment". He cane to th i s 
conclusion after vigorously pursuing the various physico-
chemical characteristics such as temperaturet turbidity, pH, 
ionic composition and nutrient balance in the pond as also 
the diversity of fauna and flora. 
Temperature i s an Invaluable tool in every limnological 
investigation (tfuttner, 1963} as i t e f fects almost al l proce-
sses in ponds and lakes. In combination with other physical 
attributes , temperature exercises a significant control on 
the distribution of gsses , nutrients and the metabolism of 
pond i t s e l f (Hutchinson, 1957; Reid, 1961 and Huttner, 1963). 
Though much attention has been paid to study the fluctuations 
vf temperature in tropical meters (Hutchinson, 1957 and 
FUttner, 1963), the available information on the physico-
chemical characteristics of Indian waters i s rather inadequate. 
Water temperature follows c lose ly the changes in air tempera-
ture (Nasar and Dutta-fcunshi, 1974 and Chari, I960) and i t 
has bmmn found that temperature nay be one of the factors 
responsible for algal blooms in ponds (George, 1962). ><hile 
Khan and Qayyum (1971) observed that production values were 
dependent on surface water temperature, Qasim et .a^. (1969) 
could not observe any direct affect of temperature on organic 
production in a tropical estuary* Also Jana (1973) and Chari 
4M» / mm 
(19B0) failed to confirm that temperature could be a c r i t i c a l 
factor for the seasonal periodicity of phytoplankton. The 
plankters had the i r periods of maximum intensity at different 
seasons of the year. Hutchinson (1967) has suggested that 
temperature i s significant in controlling both the quantity 
and quality of pianktonic flora. This means that in combi-
nation with othor chemical nutr ients , temperature plays a 
significant role in the productivity of a pond. 
Several workers have studied the effects of elite a t ic 
factors l ike ra infal l , temperature and relat ive humidity on 
pond ecology. Though no great fluctuations in the rate of 
primary production could be recorded by sreenlvasan (1964), R^mcnt 
reported that such values in temperate waters were about 
fifty times more in summer than during winters. Saha e t . a l . 
(1971) observed considerable seasonal variations in water 
qual i t ies of a tropical fresh vat er pond. Maximum inorganic 
phosphate and nitrogen values were recorded during the monsoon 
season while to ta l a lkal ini ty, calcium, chloride and organic 
nitrogen were more abundant in the summer. These workers 
however, failed to l i s t any causative factors which could be 
responsible for variations in phytoplankton abundance. Tem-
perature and rainfall do Influence pond ecology and as said 
before the temperature of a i r has also a bearing on the water 
temperature of the pond. The heat content entering into i 
pond i s not constant and th i s has a profound effect on the 
mm O mm 
blot* and the chemical nature of the water body. Thus the 
productivity of the pond i s adversely affected. 
Turbidity i s caused mostly in the monsoon season by 
suspended particles as a result of surface runoff. It nay 
also be caused by undue agitation of water by wind action. 
Though fishes are highly sensitive to turbidity, very l i t t l e 
i s known of the causes concerning the clogging of g i l l s . 
George (1962), sarkar and ftei (1964) and Jana (1973) conduc-
ted certain experiments in this direction but they did not 
make any attempt to correlate i t with any other parameter 
and hence failed to reach on any definite conclusion, belch 
(1952) and Hutchinson (1957) have shown that light penetra-
tion in a water body i s dependent on the intensity of light 
at the water surface as also the dissolved and suspended 
materials in I t . Hussainy (1967) hat recorded that the heat 
absorbed by materials suspended in water i s radiated to their 
immediate surrounding. Khan and Qayyun (1971) recorded a 
decline in pri»ary production rate when water *as turbid and 
the light was poor. This means that turbidity cuts off l ight 
penetration in a water body and this results in lower photo-
synthesis of phytoplankton. The productivity of a pond i s 
therefore decreased, AS for i t s effects on fishes, the 
extraneous matter exerts a pressure on oxygen and the gas may 
not even be available to fishes for respiration. All this 
causes distress and fishes start dying as soon as the oxygen 
• 9 -
values falls below 4 asg/i.. 
The pH of natural waters Is largely dependant on the 
interaction of H* ions arising frost the dissociation of 
^CD2 and OH* ions as a result of the hydrolysis of bicarbo-
nates (fcwtzel, 1975). aayly (1963), srsebuvasan (1963), 
Moitra and Bhattacharya (1965) and Jana (1973) found that a 
high pH was related to heavy blooms of phytoplankton and 
that a low pK indicated a rise in zooplankton population. 
As against this Chari (1980) observed that while a high pH 
produced heavy planktonlc blooms a low pH did not necessarily 
increase zooolankton population. These observations gain 
more support from the findings of Naaar and Dutta-Munshi 
(1974) who observed that high pH values indicate that photo-
synthetic activities are quite high. Contrary to these 
studies Sana e t .a l . (1971) seem to be convinced that pH did 
not effect phytoplanktons* A direct relationship between 
carbonate concentration and the value of pH in water sanples 
has been documented by Lauff (1953), George (1966) and Jana 
and Sarkar (1971). There was no definite correlation of pH 
with temperature. The rise in pH was consistent with a rise 
in carbonate alkalinity and percentage oxygen saturation 
(Sarkar and Rai, 1964). 
The effects of dissolved oxygen in temperate and 
tropical waters have been elaborately discussed by Hutchinson 
(1957) and iiittner (1963). The high values of oxygen content 
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In the months of February and fcarch may be related to the 
vigorous photosynthetie act iv i ty of different species of 
algae (Sarkar and Rai, 1964). Dissolved oxygen values are 
generally higher in winter months due to lower temperature 
and intense photosynthetie act iv i ty (Saha ££ . j ^ . , 1971). 
Ghosh e t . a l . (1974) observed an In versed relationship of 
oxygen and organic matter which suggested that large quan-
t i t i e s of oxygen are consumed in the breaking down of organic 
Biatter. In t o t a l i t y oxygen i* not a l imiting factor for th» 
phytopianktonic growth and a higher oxygen content of the 
pond would indicate that i t i s productive, 
Carbondioxide exis ts in different states in freshwater 
bodies* as a free g&s (0D2)t in half bound condition (bicar-
bonates) and in a fixed state (carbonates). fcelch (1952) 
informed that free carbondioxide readily combines with bottom 
carbonate deposits to form bicarbonates, but i t must be added 
because free carbondioxide i s not generally encountered In 
the voter samples as much of the carbondioxide produced 
during respiration of the biota i s ut i l ized for photo synthetic 
a c t i v i t i e s (Upadhyaya, 1964; liao and Govind, 1964; Sreenivasan, 
1972 and Khan, 1961). J ana and sarkar (1971), Jana (1973) 
and Chari (1960) are however of the opinion that free C02 does 
not control phytoplankton production and the algae have the 
abi l i ty to obtain CCu frost bicarbonates. 
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The ionic composition of freshwater* i s dominated by 
diluta concentrations of aikaliet and alkaline earth compound* 
of bicarbonates, carbonates, sulphates and chlorides. Tht 
<ee» "•*• • • 
concentrations of four major cations, Ca , Mg , Na » K and 
four major anions, HOQj , O0^ ~ » 9Qj~ and Cl"\ usually consti-
tute the total ionic salinity of water. The proportionate 
concentration of major ions influences metabolism, seasonal 
population succession and productivity of algae and macro-
phytes in a pond (fcetiel, 1975). The effects of ionic 
composition on the ecology of the pond ara not well understood 
and elaborate studies are needed. Ganapati (I960) stressed 
that salts of calcium md magnesium ar* essential for plant 
growth but the mechanism of requirement has not been clearly 
established. Barret (1952) and saha et. j£,. (1971) have 
expressed the view that calcium fluctuated inversely with 
phosphate. Saha £&>£l.* (1971) have shown that the presence 
of calcium has no relation *ith the depth of water. This i s 
in agreement with the observations of Ganapati (1940), George 
(1966) and Jana and sarkar (1971) who observed a direct 
relationship between pH and carbonates. Jana (1973) however, 
failed to ascertain any such relationship for carbonate 
alkalinity was not detectable in most of his samples. Higher 
concentrations of bieerbonatas during the summer months may 
be due to a decrease in water level of evaporation. Hoinfall 
may lower the value of bicarbonate* (fc-ichael, 1969} Jana, 1973 
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ami Chart, I960). A similar trend was observed for chlorides 
by Saha et . al.. (1971) and Chari (1980). sarkar and ftai (1964) 
reported a rise In the amount of chloride during monsoon and 
concluded that this could be due to the washing away of orga-
nic matter of animal origin froo? the surrounding catchment 
area. According to them chlorides are not utilized for plant 
growth and their presence in large amounts suggested organic 
pollution. 
Chlorides generally show an inverse relationship to 
phy to plankton (Sana et . al_., 1971). Konarovsky (1953) postu-
lated that Microcystis sp. appeared only v.hen water salinity 
did not exceed 500 mg/L chloride. This was later observed by 
Chari (1980). The ionic composition vhcther useful or not for 
the productivity of a pond, does exert changes in the osmore-
gulatory mechanism of freshwater animals. Also, increased 
sa l in i t ies allow only a slow diffusion of oxygen in water and 
movement of water over permeable membranes for respiratory 
needs i s almost universal among aquatic animals. The pumping 
processes place high energetic demands on animals and addi-
tionally exposed cellular surfaces to osmotic gradients. 
In listnoioyical studies emphasis has also been laid on 
the nutrient content of freshwater bodies (komarovsky, 1953; 
Hutchinson, 1957; ftuttner, 1963 and fcetzei, 1975). The 
nutrients that have been extensively studied include nitrates, 
amnion!a, nitrogen and phosphates. Algal blooms make their 
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appearance in waters with large amounts of phosphates end 
anionic al nitrogen (Ganapati, 1960), George (1962) has 
however, shown that high concentrations of n i t ra tes and 
phosphates could be responsible for such bloosis. This view 
has been supported by Chari (i960). I t was observed that 
phosphates may be essential for the growth of green algae 
since the i r growth dwindled *ith the declining phosphate 
concentration (Jana, 1973), During autumn, when the phos-
phate in tile pond was on the vane, the green algal flora 
showed a corresponding decrease. Similar conditions were 
found by Kemarovsky (1953) in some freshwater ponds of 
I s r ae l . No relation could however be established between 
phosphate concentration and algal abundance (V.elch, 1952 and 
Chari, 1980). Pearsall (1932) obtained an inverse relation 
between phosphate level and green algae, phosphates had a 
profound influence on the growth of diatom population (Chari, 
1980). Diatom population increased with an increase in 
phosphate content. Komarovsky (1953) could not establish any 
c lear cut relationship between phosphates and diatom abundance. 
The sane view was expressed by Jana (1973). Qaslc et.. aj_. 
(1969) and Khan and Qayyua (1971) could however, establish a 
very significant correlation between phosphate-phosphorus and 
carbon assimilation but not between nitrate-nitrogen and 
carbon assimilation and therefore stated that there must be 
an alternate source of nitrogen (ammonia) to be uti l ized by 
plants . Currie (1958) did not find any significant increase 
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in the rate of photosynthesis, when v*at*»r samples were enriched 
vdth inorganic nitrogen and phosphorus, The population density 
of chlorophyceae increase i *ith an increase in the concentration 
of nitrates end a negative relationship w^s found for an$uoni«*» 
nitrogen and green algae (Chari, 1980). pee real 1 (1932) 
postulated that diatoms cannot reproduce below 0.5 aig/L s i l i c a . 
Disagreement s t i l l ex i s t s between the relationship of s i l i c a t e 
and diatoir abundance (Komarovsky, 1953; sarkar and Esi, 1964 
end J r;a and S*rkar» 1971} though Chari (1980) could not 
observe any significant relationship between s i l i c a t e level 
and diatom numbers. 
The concentration of total dissolved sol ids in a water 
body I s used as an indicator for assessing the productivity 
of ponds and lakes (field, 1961). The well being of a fish nay 
be affected by total alkalinity* because waters with lower 
values are generally biological ly l e s s productive than thoss 
with higher values (Lagler, 1956). Maximum concentration of 
total dissolved sol ids may coincide with the maximum numbers 
of phytoplankton establishing that i f the-proportion of ths 
total dissolved sol ids i s high i t would indicate higher 
productivity in the pond (Chari, i960) . 
The factors affecting algal productivity as l i s t ed by 
several workers include high temperature, stagnation, higher 
phosphates, arw onical nitrogen, organic n.atter and sa l t s of 
calciun and magnesium (Ganapati, 1940 and 1960). George (1962) 
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thought that tenip&rature and organic matter had a significant 
affect in controlling productivity while i&ngh (1955) a t tr i -
buted this to high pK and organic natter. Temperature and 
food have been found to be of utsiost importance in zooplankton 
production (Hazelwood and Parker, 1961). The effect* of 
interspecific and intraspecl fie competition also need to be 
considered (Hazelwood and marker, 1961) as i t adds greatly 
to the complexity of the problem*. 
Increased productivity due to excessive nutrient 
loading accelerates eutrophicatlon, l i teral ly turning the 
lakes and ponds into * algal bowl*' (V.ttxal, 1975). This It 
true because phytoplankton such as Microcystis sp. are regarded 
as indicators of ©u trophic nature (Swayer, 1966). Arora 
(1963) and Khan (1967) observed that species of Brachlonus 
were abundant in moderately polluted waters. Carr (1962) 
observed that, due to rapid eutrophicatlon, in lake Erie losses 
of hypollnentic oxygen and benthic fauna. Edmondson (1972) 
confirmed that lake Washington, Seattle was enriched with 
volumes of effluent frost secondary sewage treatment fac i l i -
t i e s . This markedly increased i t s productivity and the 
population abundance of algae increased greatly* The 
concentration of phosphates was much sore than that of 
nitrates or carbondioxlde. Literature pertaining to Indian 
waters though scanty, mostly deals with the physico-chemical 
characteristics and biological indicators of lotlc systems 
<•» 1 6 «• 
at the s i t e s of sewage disposal. Vashisht and Sre (1979) 
recorded heavy loads of suspended organic matter, 3U3, total 
nitrogen, amssonia-nitrogen and phosphate contents and related 
them to the presence of species of Microcystis, b sc i l l a tor ia . 
Fhcinerobla. Paramecium. Colooda. Cololdiuia. atylonychia and 
pldiniOBi. These findings support the works of Ganapati and 
Haman (1973) and sarkar and Kri shnamoorthi (1977). aampath 
^gt.aj^. (1979) v*orking on liemological survey of cauvery river 
system proposed so&e interesting findings. Rptsrla rotatoria 
was more pronounced at sewage and d i s t i l l ary ou t fa l l s . 
flWftPttft ^Q"Oftty^ hap at a and fr*onosty|a bj j j j , were found 
in clean water zones. Brachionus angular! a. Brachionus 
calycif iorus and other species of Brachionus were found in 
mildly polluted to highly polluted zones. 
The environmental factors affecting productivity in a 
fresh water body may thus be summarised as follows; 
physico-chemical 
factors affecting 
productivity 
Effects Reference 
M t rate-ni t rog en, 
Affimoni a-ni t rog en 
and phosphates 
phosphates 
Silica 
Stimulated growth Komarovsky (1953) 
of green algae 
Helps in develop* Komarovaky (1953) 
roent of diatom*. 
Effected diatoms 
growth 
Komarovsky (1953) 
Contd •• • • 
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Physico-chemical 
factors affecting 
productivity 
Effect* deference 
High temperature, 
intensity of illumi-
nation, stagnation, 
large amounts of 
phosphates, amnoni ac al 
ni trog en, al bund noid 
nitrogen, organic 
matter and salts of 
calcium and magne-
sium. 
Organic matter, high 
alkalinity phosphates 
nitrates and stagna-
tion. 
Low transparency 
and phosphate 
phosphorus 
phosphate 
pH and phosphate 
Temperature and 
carbonate alkalinity 
PH 
Permanent bloom of Qanapati (I960) 
aeruginosa. 
Hitrate 
Affimoni a-ni trogen 
and phosphate 
Permanent microcystis George (1962) 
aeruginosa bloom 
Increased gross Khan and Qayyun 
primary productivity (1971) 
values 
MaxitDua phytoplank- Saha at. j ^ . (1971) 
ton and ayxopbyceae 
group dominant 
Phytoplank ton 
abundance 
Increased priaary 
production 
Jana (1973) 
All and Khan (1978) 
Helped phytoplan- Chari (I960) 
kton growth, 
flooste i the numbers Chari (1980) 
of chlorophyceae 
group 
Increased diatom 
populat!on 
Chari (1980) 
The above review concerning our knowleige of the 
physico-chemical properties and the biological characteristics 
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of ponds and lakes can help us to obtain a batter knowledge 
concerning their productivity. Also, we can estinate that 
excess loading of nutrients into the water bodies which could 
bring about nutrient pollution and may lead to the eutrophi-
cation of water bodies. Lastly, we would know as to how the 
charges during different months affect the population of 
fishes which ata of great concern to us. 
Of the various environmental contaminants of the 
aquatic ecosystems, the organic pesticides ere of great 
importance. In earlier times only a few compounds like fish 
o i l , whale o i l , soap, alcohol, carbondisulphide, phenols, 
cresole (Sree Ramulu, 1979) nicotine, pyrethrum and derris 
were used for insect control but after the second world war, 
DDT became the chosen insecticide. 8ut then i t was learnt 
that i t could be harmful to fishes and other aquatic 
organisms. Species belonging to the genus Labeo and 
Svnodontl s schall were among the first targets of this 
toxicant (Burden, 1956). Later on many more insecticides 
were synthesised and their extensive and haphazard use made 
fish mortality collimate with pesticide applications. The 
toxic effects of insecticides on fish have usually been 
determined in terns of LC50 which i s the concentration at 
which 50 percent of a group of fish are kil led. The fishes 
arm exposed to graded concentrations for known periods of 
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tlae and art not given any food after treatments. The deter* 
mi nation of LC50*s has been vigorously pursued by oany 
workers including Katz e t . ai,. (1970;, Edwards (1973), tedUst 
e t . j i . (1975) and 3rown (1978). 
The susceptibility of Indian species of fishes to 
different insecticides has however not been studied in any 
details . Arora JB£. J ^ . (1971 and 1972) conducted experiments 
to determine the toxicity of endosulphan to Huntiut sophore 
a n d
 CirrMnus mrigjla. The TL» values for 24 and 48 hours for 
Puntius have been found to be 0.0023 and 0.0014 ng/L and for 
Clrrhlnua. 0.0O285 and 0.00018 sig/L respectively. Verwa £l«AJL* 
(1979) in their toxicity studies with ThiotoxR and ThiodonR to 
Saccobrsnchus fossil i s however, obtained wide differences In 
the LC50 values* even fchen both the compounds were of endo-
sulphan formulation. These authors however, failed to pinpoint 
any reasons for the variations. i»ree Eamulu (J-979) i s however, 
of the opinion that variations in the stereochemical configura-
tion of the rings of endosulphan like endo, exo, endo«endo 
effect the spectrum of insecticidal activity. In their studies 
with endrin, Bhattacharya •£,. a^. (1975), Panwar £t_. j£.. (1976) 
and sahgal (I960) found i t to be highly toxic to a arias 
MmftVfit T4ffh9qffftffr f a s c ^ u s and Ghannj punctatus. The 
LC50 values for these fishes were quite variable, probably 
because of species differences. 3KC also exhibited differen-
tial toxicity to Saccobranchus fossil i s and Channa punctatus. 
- 20 -
Verm* et . &, (1979) and Sahgal (1980). Bhattacharya &, j l . 
(1975), Chaudhuri (1975), Panwar et.a£. (1976) and Sahgal 
(1980J are of the opinion that oncirin Is a highly toxic 
compound to carps, murrels, minnows and cat fishes but Verm* 
• t . j&,. (1979) contend that ThiotoxR (endosulphan) i s more 
toxic• 
Sreenlvasan and Swamlnathan (196V), while conducting 
bio assay tests to determine the toxicity of parathion, wola-
thion, ethyl parathion, netssystox, phosphamidon and DDVP to 
different species of fishes found that folidol (ethyl para-
thion) was the most toxic and dimecron (phosphanidon) the 
least toxic of all the coo pounds tested. phoiphamidon showed 
l i t t l e toxicity to Cyprinus carolo communis (Toor and Kaur, 
1974) whereas diazinon and fenitrothion were highly toxic to 
this species, the relative toxicity values being 92*48 and 
70.92 tines respectively as compared to phosphamidon, (fthen 
fiaccobranchus fossl l is was subjected to fenitrothion pressure 
the LCSO values for 24, 48, 72 and 96 hours were found to be 
14.90, 14.20, 13.75 and 12.50 mq/L (Verma j £ . &., 1978). 
Vermaj*. j£,. (1979), while making toxicity studies with two 
different stalathlon formulations to Saccobranchus fossil i s . 
recorded some widely variable LC50 values. Though the authors 
have not put forward any plausible reason, i t may be assumed 
that such variations in the percentage mortalities may be due 
to manufacturing differences between the two formulations. An 
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interesting observation has been nade by Konar and Basak 
(1980) who reported that f ishes injured by metallic hooks were 
more susceptible to insecticidal stress than the unhooked 
ones* V«hen the two groups of fishes were subjected to para-
thion concentrations between 0.016 and 0.29 ppa for 32 days, 
ai l hooked fishes died whereas only 30 to 90 percent of the 
unhooked ones died* 
Carbaryl which i s a representative of carbamate group 
was tested by dhatis 11971), T.oor and &aur (1974) and Veraa 
p i . a l . (1979) for i t s toxic i ty to three different species of 
f ishes namely Pontius t l c t o . cvorinus carolo cociidnis and 
ffaccobranchus fossi l f^. puntius exhibited an LC50 of 4,2 rog/i. 
and Saccobranchus 22.6 »g/L for 24 hours* Among the three 
species t Puntius sp. was found to be most sensi t ive followed 
°y Cyprinus and saccobranchus. fchen cosjparfcd to carbaryl, 
Versa £ t . j ^ . (1979) found that carbofuran was highly toxic to 
fiaccobranchus. The TLmSG values for carbofuran were 0.637, 
Q.598, 0.578 and 0.568 ag/L for 24, 48, 72 and 96 hours 
respectively. 
The above studies show that chlorinated hydrocarbons 
are the most toxic compounds followed by organophosphorous and 
carbamate groups. These studies also indicate that, the 
longer the insect ic idal stress on a f i sh , the greater i s i t s 
suscept ibi l i ty to different organic pesticides* 
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While studying the effects of temperature en pesticide 
toxicity to fishes, lyatosd et . ajU (1958) observed that 
eridrin was more toxic at higher temperatures (27-£8°C) than at 
lower ones (7~8°C). Bridges (1965) examined the toxicity of 
heptaehler and chlordecone to Lepomis mlcrolophus. The 
compounds were tested at five temperatures from 45 to B5°F. 
For heptachlor the 24 hour LC50 was 0.092 mg/L at 45°F and 
0.022 mg/L at 85°Fj the relationship for toxicant concentra-
tion and temperature being nonlinear. Likewise chlordecone 
(Bridges, 1965} exhibited higher LC50 values at higher 
temperatures, ttacek et . j ^ . . (1969) using bluegills and 
rainbow trout observed that In general toxicity increased 
v.ith an increase in temperature though there were certain 
exceptions to this rule. The susceptibility of both the 
species of fishes increased at lower temperatures with 
siethoxychlor. Bluegills had no effect due to temperature in 
tes t s with lindane and azinphos methyl. They also observed 
that the effect of temperature was store prominent at 24 hours 
than at or after 96 hours. I t has been established that the 
route of entry of the toxicants i s via the g i l l s (Holden, 
1962). At higher temperatures respiration i s more rapid and 
oxygen demand i s greater, but the solubility of oxygen gets 
decreased. Therefore, rapid respiration affects the pumping 
of pesticides In the vascular system until death intervenes. 
Contrary to the above findings toxicity has been found to 
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Increase vith decreasing temperature. Cope (1964) while 
studying the effects of DDT on bluegills, recorded LC50 values 
for 48 hours to be 0.0024 mg/L at 45°F end 0.0064 mq/h at 85°F. 
A similar relationship was found for DDT with rainbow trout 
(Cope, 1965), but the author could not give any reasons for 
such a variation* Matsuaiura (1976) has expressed the opinion 
that the west unusual characteristic of DOT Is the fact that 
i t s insecticidal potency increases greatly with a decrease 
In environmental temperature. The term »negative temperature 
correlation* designates this phenomenon. 
pH of natural waters i s largely determined by the 
concentration of bicarbonates and therefore pH and hardness 
are usually interrelated. Henderson j t . a^. (i960) used soft 
and hard water whose hardness values were 20 mg/L and 400mg/L 
with pH 7.4 and 8,2 respectively. 3ioassay tests with these 
two kinds of Maters for ten organophosphorus insecticides did 
not show any significant difference in 96 hour LC50 values. 
Similar studies conducted with hydrochlorinated compounds 
showed only small difference between pesticides in soft and 
hard fcater. Toxaphene and ntethoxyehlor »ere slightly less 
toxic In soft vater and endrln and chlordane slightly more 
toxic. Pickering and Henderson (1966) examined the effects 
of organophosphorus and carbamate pesticides and only in two 
series of tests with the carbamate insecticides significant 
differences could be observed. Thus cumate was more toxic 
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in soft water whereas furbrara was more effective when dissolved 
in hard water. A large nutubcr of pesticides were tested on 
harlequin fish by Alabaster (1969) who found no consistent 
differences between toxicit ies in hard and soft waters. In 
general the LC5U values war© higher In hard water. Alabaster 
{1969) also recorded that DDT fcas mora toxic in soft water, 
the 48 hours LC50 being 0.00064 mg/L in soft water and 0.0031 
nag/L in hard water. 
Some investigators have determine: the threshold 
toxicity value or the highest concentration at which no long 
tern lethal effects are observed. Konar (1969), while using 
the two organophosphorus compounds, dichlorovos and phospha-
&idon against certain species of fishes detenined 168 hour 
LOU and LCSO values. The LC5Q values obtained were generally 
one third to two thirds More than the LCO values. Mayer (1965) 
in his studies got a similar relationship with five fishes for 
azinphos ic ethyl. Also LC1CD concentration %#as not store than 
twice the LCSO value, srivastava and Konar (1965) determined 
168 hour LCO for a nunber of Indian species of fishes with 
phosphamidon. The LCO value for ftaphlpnous cue hi a was 6,4 and 
f o r
 Labep rohlta i t was 150.0 pan. In 1966 the sane authors 
conducted experiments fedth dichlorovos and found that the 168 
hour LCO value for Trlchoqaster fasciatus was 1,0 pom while for 
Heteropneustea fossil Is i t was 13.0 ppaa. In their studies 
with twelve species of fishes belonging to twelve different 
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families the 168 hour LCO value* were quite variable. Different 
families exhibited different values with ODVP and phospha* 
raid on. DOVP was, however, found to be aore toxic than 
phosphanidon. Joshi, ^aeinikutty and H*g» (1981) conducted 
experiments with Gambusia affinis and Gvgtnocorvwbus taraetzi 
to study thiodon stress for sixteen weeks and found that the 
maximum acceptable toxicant concentration of thiodon for both 
species of fishes was between 0,0001 and 0,0004 ppm. However, 
when 96 hour LC50 values were considered i t was observed that 
Gambuaia af^nfrs was two times more tolerant than Gymnocorynbus 
tarnetzi. Ghosh and Konar (1979) conducted experiments for 90 
days to study the effects of sublethal levels of aldrin on 
Til a pi a mots amble a. Their results indicated that 0.022 pom of 
aldrin did not influence the growth and reproduction of f ish. 
Lane and Livingston (1970) used a continuous flow bioassay to 
study the acute and chronic toxicity of dieldrin to Poecllia 
latlPinna. A concentration of 0.012 ppm dieldrin killed al l 
the fishes within a week whereas at 0*0015 and 0.00075 ppm, 
more than half the fishes survived a exposure of thirty four 
weeks. 
Insecticides do effect the growth of fishes. Allison 
et . al . (1964) exposed Salmo clarki lewisi to 0.3 and 1.0 
ppm DDT solutions for thirty minutes at 28 day intervals. 
Most fishes were killed but those that survived were 
larger than the control. These workers believed that the 
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fishes were naturally stronger as no increase in growth rate 
was obsezved; the increase in the mean size being due to the 
mortality of weaker speciaens. Andrews e t . al_. (1966) 
subjected bluegills to heptachlor in ponds at 0.0125 to 0.050 
osg/L concentrations and found that survivors frost higher 
concentrations grew faster. Y.acek (1968) fed brook trout with 
DDT in food for 156 days, but did not observe any significant 
effect on their growth. However, at the highest dosage of 
2 lug/kg/week the males were found to be longer than the 
control ones. Grant and fcehrle (1970) fed 30 fishes with end-
xin at the rate of 430 ug/kq of body weight psr day for 157 
days. The fishes receiving this dose stopped feeding after 
two weeks and fourteen of their died. The survivors showed 
a significant decrease in growth rate. Kennedy et . aj^ . (1970) 
could not find any difference in fish growth when they were 
exposed to sublethal levels of 0.01 and 0.04 ssg/L of nethoxy-
chlor for thirteen weeks. Ghosh and Konar (1979) subjected 
fishes to aldrin pressure at concentrations of 0.125, 0.089, 
0.044 and 0.022 ppsi for 48 days. At 0,022 pott concentration 
there was an Increase of 6.0 percent in growth while at other 
concentrations the fishes either died or showed a decreased 
growth, fchen Beterppneusfs foss l l ls was exposed at 2 .5 , 5.0, 
10.0 and 15.0 mg/L of roalathion concentrations, Choudhary 
et . aU (1981) recorded a decrease in growth rate to the extent 
of 18.69 percent as compered to control. The maximum growth 
reduction occurred at 10.0 and 15.0 og/L while at 2.5 ng/i. 
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the growth rat* remained comparable to that of the control. 
Joshi jgt. a^. (1981) also recorded a similar observation and 
found that vdth increasing concentrations of thiodon tha 
growth rata was retarded in Gatubusla af f inis and GystnocorvrobttS 
ftarnet4. 
Lloyd (1961), Aldardica (1963), Pickering (1968) and 
Hicks and Datdtt (1971) have demonstrated that fishes when 
subjected to a Variety of contaminants under reduced dissolved 
oxygen concentration, show increased susceptibility to a 
toxicant. Taking this as a cue, Carter (1962) conducted 
experiments with Sal mo trutta in sealed glass jars having 
serial dilutions of cyanide and copper. On measuring oxygen 
present at the tine of the death of the fishes* i t was found 
that as the concentration of the toxicant increased, there 
was an increase in the amount of residual oxygen. It was 
thorefore, suggested that residual oxygen bioassay could help 
in detecting low concentrations of toxicants in solutions 
rapidly. Giles and Klaprat (1979) defined residual oxygen 
concentration as that concentration of oxygen dissolved in 
water in a closed container with an aerobic organists at the 
time of death of the organism in solutions with toxicants at 
different concentrations, iuch bioassay studies were pursued 
by 3allard and Cliff (1969), McLeay (1976), Gordon and McUay 
(1977) and Vigors and Maynard (1577) with different toxicants 
such as xinc, phenol, dehydroabietic acid, mercuric chloride, 
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bleeched kraft mill effluent and lindane. It was found that 
a threshold toxicant concentration existed above which the 
residual oxygen concentration also increased. Further, these 
workers stressed that the threshold value in moat cases ranged 
from 0.5 to 1*5 of 96 hours LC50 determined by conventional 
bioassays. \cLeay (1976) determined the threshold values as 
0.5 and 1.0 of 96 hours JLC5Q for dehydroabietic add, zinc, 
phenol and lindane with juvenile rainbow trout* Experimenting 
with juvenile rainbow trout Vigers and Maynard (1977) could 
not establish any significant difference between the residual 
oxygen and conventional static bioassays with three different 
effluents of a pilot plant kraft pulp mill . Hie marine fish, 
flnbasls safoha* showed residual oxygen responses closely 
placed to the median lethal concentrations for mercuric chlo-
ride and phenol (Ballard and Qliff, 1969j. Giles and Klaprat 
(1979) expressed the opinion that such a test i s less 
sensitive to heavy metals than organic toxicants. They claim 
that major Interactions occur among various factors &uch as 
temperature, bottle capacity, fish size, loading density and 
genetic strain of fish and hence a variation in the sensitive* 
ness of heavy metals and organic contaminants. 
In India increasing volumes of pesticides are being 
used to control plant diseases, arthropod pests and wee i s . 
Although direct toxic effects are being usually considered for 
pestst side affects ham.ful to the biota are often detected. 
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Sines we have neagre l i t e ra tu re pertaining to the effects of 
pesticides on non-target organism specially fishes in India* 
the above review would go far in helping us to save our fishes 
from reduced cropping, mortality and extinction. Since fishes 
serve as a source of cheap protein for our n i l lions i t i s 
desired that indiscriminate use of pesticides in and around 
the water bodies should be stopped by monitoring water for 
pollutants and establishing standards for water quality 
c r i t e r i a . This would ultimately have to be In co-ordination 
vith changing patterns in pest management practices. 
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hater samples v.ere collected from Diggi pond (Figure 1) 
once a month over a period of twelve months* Sampling was 
done in the mornings between 8*30 and 10.30 a.m. at five 
meters away from the shore l ine . 
Meteorological data was obtained from the Department 
of Physics* Migarh Muslim University, Aligarh whereas water 
and air temperatures were recorded with the help of a maximum -
minimum thermometer* observations on turbidity were made 
according to the method that has been developed by the 
Geological survey of the United states of America and the 
results were expressed as parts per million ippm) of s i l ica 
after converting the observations with the help of turbidity 
conversion table. 
Determination of acidity and alkalinity includes 
measurement of pH, free a^carbonates and bicarbonates. 
pH of the samples was recorded with the help of a laboratory 
model pH meter. The results were expressed to the extent of 
0.05 pH units. Fr— Cu2 was determined by titrating 100 ml 
of water sample with 0.Q2N NaOH and using phenolpthalein as 
an indicator. Carbonates and bicarbonates were estimated by 
titrating 100 ml water sample with 0.02N H2^04 and using 
phenol pthalein and methyl orange as indicators (APHAW&lfrA-
fePCF, 1976). 
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Dissolved oxygen studies were made by modified kinkier* s 
method (APHA-Ahv.A-kPCF, 1976). Calcium and magnesium were 
estimated by titration nethod (Hodler, 1975). Chloride quan-
t i t i e s was determined b/ Argentometric nethod (APHA-AftfcA-
fePGF, 1976). 
Quantitative determination of the nutrients Mas also 
made. Nitrate-nitrogen* ammonia-nitrogen, inorganic phosphate 
and s i l iea were determined by phenoldisulphonic acid, direct 
nesslerisation, molybdate blue and molybdate yellow methods 
(sundaresan, 1979). 
The method of Jackson (1973) was adopted for the 
determination of total dissolved solids. Estimation of 
total hardness by the method of Hodier (1975) was conveniently 
used where the values of calcium and magnesium were multiplied 
by constant factors of calcium and magnesium, and were summed 
up* Biological oxygen demand and chemical oxygen demand 
(consumed oxygen) were determined after the manner of 
(sundaresan, 1979). 
Plankton samples were collected with the help of a 
sieve made of silk bolting cloth whose mesh number was 400 
and pore size 37 microns, tach sample of tha plankton was 
collected by filtering 10 l i t er s of water through the sieve. 
Water was collected from three different places and the 
concentration of plankton in water was determined by drop 
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method (pearsall, Gardiner and Greenahield, 1941) by counting 
the number of plankton In one drop of water (0*025 cc ) . On 
an average ten counts were made for each sample and the 
mean concentration for a particular month was calculated. 
Plankton samples were preserved by adding formaldehyde (37£) 
to make a 4 percent solution. 
All precautions were taken during sampling and 
analysis of samples in the light of recommendations made by 
fetich (1946). Samples were imme iiately transferred to the 
laboratory and stored in a refrigerator. Analysis of the 
samples was completed within 3© hours after collection. All 
results »re expressed in »g/L except where otherwise mentioned. 
The data was subjected to statistical analysis and the degree 
of correlation between different groups of plankton and 
physico-chemical variables was computed by the product moment 
correlation coefficient and multiple correlation coefficient 
after Goulden (1956). 
The freshwater teleost fish, Channa punctatus aloch. 
belonging to the family Channidae was selected as the test 
fish because i t i s ubiquitous all over the Indian subcontinent 
and occurs throughout the year in large numbers. Juvenile 
fishes were netted from local freshwater sources at Aligarh 
and were transferred to glass aquaria containing unchlorlna-
ted borehole water in the laboratory. Fishes were acclimatized 
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to laboratory condition* as per instructions charted by 
Duodoroff a l i i . (1951) and were fed on goat l i v t r food every 
alternate day during the period of acclimatization. Fishes 
eel acted for toxicity tests were 4 to 7 ems in length, 
weighing 4 to 7.4 gms. Temperature, pH, dissolved oxygen, 
bicarbonates and hardness of water was also estimated. 
Three organic insecticides DDT, Mai at hi on and Sevin 
each belonging to organochlorlne, organophosphate and carba-
mate groups respectively, were used during the present 
studies* The materials were of technical grade quality with 
96.0^ purified active ingredients. DDT was obtained from 
the World Health Organization; maiathion from Cynamide India 
and savin frost Union Carbide India Ltd. Stock solutions of 
the insecticides were prepared in acetone and were later 
diluted to obtain desired concentrations for testing purposes 
(Duodoroff et a l . . 1951). Minimal amount of solvent necessary 
to disperse the toxicant was used and this never exceeded 
0.5 mg/L of a test solution. 
Short tens tests of static bioassays were conducted 
to determine the LC^Q values at time intervals of 24, 48, 
72 and 96 hours. These tests were performed under varying 
conditions of temperature, pK and hardness. Test solutions 
were stabilized to ambient room temperatures at different 
seasons of the year with temperature ranging between 14~16°C, 
24-26°C and 32-34°C. Hardness ranges of 20-30, 200-525 and 
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350-400 Big/L v.ert prepared by d•ionizing the borehole water 
twice vith a delonizer end mixing i t proportionately with 
borehole water to obtain the required degree of hardness 
ranges. pK ranges of 4.0*5.0, 7.0*8.0 and 10.0-41.0 units 
Mere obtained by using superior quality concentrated hydro-
chloric acid and sodium hydroxide obtained from British Drug 
House (3DH). 
Xntexme date term bioas3ays for sixty days were 
conducted to determine the chronic Bnd threshold toxicity 
values of different concentrations of DDT« malathion and savin 
to the fish. The effect of insecticides on the growth of 
the fish was observed over an eight week period and observations 
Mere recorded at weekly intervals by subjecting the fishes 
to very low levels of the insecticides. They were receiving 
an »ad libitum* supply of food once a day until they were 
•satiated' (Srett, 1971). ti&ch fish was kept in a separate 
Jar of 2.5 l i t e r capacity. Changes in length and weight of 
the fishes were recorded at weekly intervals and growth rate 
was determined. Condition factor and length weight relation-
ships were also studied. 
The short term acuta toxicity and intermediate term 
threshold toxicity studies were ntade by subjecting the fishes 
to graded concentrations in 15 l i t er s of water as determined 
by preliminary bloassay studies. &qual number of healthy 
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fishes were used in each tes t . The experimental fishes 
Mere starved for atleast 48 hours before and during the 
short tern toxicity t e s t s . However, during intermediate 
tern studies, the fishes were fed thrice a week until 
*3atled'. 
The data was subjected to statist ical analysis by 
the method of Finney (1980) for calculating the LC^ values. 
The relative potencies and threshold toxicity values were 
also determined. The data analysis was made on a high speed 
computer VAX-11. 
An attempt was made to determine the acute toxicity 
values by another method known as residual oxygen bioassay. 
in this method the fishes were held In sealed containers 
with graded concentration of the toxicant, and the final 
level of oxygen on the death of fish was used Mi a measure 
of the toxicity of the toxicant. The final oxygen values 
showed a threshold at a definite concentration in the graded 
series* This threshold value was evaluated against the LC^Q 
values of the conventional bioassay studies. The details of 
the methodology and calculation of results were adopted after 
Scherer (1979). 
During the course of bioassay studies, mortality of 
fishes formed the criteria for conducting toxicity t e s t s . A 
fish was considered dead when i t did not give any response to 
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prodding *ith a glass cod. 
The aquatic ecosystem studied by the present author 
(Figure 1) v.as a pond v.Mch i s situated at a distance of 
about two kilometers^ south-east of the university campus. 
I t i s more than hundred years old and i s almost square in 
shape *ith store or less regular shorelines. Its total water 
area i s 0.8 hectare and the depth varies from almost 1.5 
meters during monsoon to about 0.46 meter during the summer. 
The usual source of i t s replenishment i s rainwater which i s 
fed through snail canals present on the four corners of the 
pond as also surface runoff from surrounding areas. All 
along the banks of the pond there i s luxuriant growth of 
Shiiham (palbarqla s l ssoh Babul (Acacia arab|.ca) and Naesi 
(ftradlrachta indicaj trees. These trees generally cutoff a 
good deal of sunlight and thus deprive the pond of sunshine 
during the day. Considerable l i t t e r i s also deposited in 
the pond. There i s a complete absence of aquatic weeds in 
the pond and no record i s available to show that this pond 
has ever been utilized for stocking or rearing the fishes. 
The pond i s also used for washing purposes by the 
washermen and livestock especially water buffaloes are 
allowed to bathe in i t . These animals release their dung 
and urine into the water and in this way contribute organic 
nutrients to i t . The pond i s fairly isolated and i s used 
Figure 1. Diggi pond, /digarh as seen from tha North-
Eastern side. 
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The Homology of *Digqi', a freshwater pond (Figure i ; 
which i s situated about 2 km south-east of the university 
campus at Aii^arh, u t t a r Pradesh was studied with special 
refinance to nutrient pollution and i t s effects on fish fauna. 
The studies included meteorological observations, measurement 
of important physico-cheaical constituents of pond water as 
ai3o biological diversity in the pond. 
A complete record of the maximum and minimus? temperature, 
rainfall end relative humidity was maintained during the period 
of the present studies (table i) and variations in the physico-
chemical parameters were studied (taole 2f figure 2). 
The maximum depth of the pond was found to be 1.5 meters 
in July and 0.46 meter in June. Mter temperature varied from 
12.5°C to 33.0°C. I t was maximum in April and minim tan in 
December. Turbidity ranged from 32 to 1000 ppis. Highest 
values were observed in the month of key, September, October 
and November while the lowest were in January (table 2 ) . 
The pfl of pond water was alkaline in a l l collections 
ana ranged from 7.85 to 9.55. Free carbondioxide was generally 
high, 10.0 to 88.0 rag/L. aiocarbonate alkalinity was always 
present in large quantities in a l l the samples of water 
which vere collected oy the author and ranged frost 520.0 »g/L 
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Table 1. Meteorological elements, 1980. 
Month k«*n temperature °C Hainfali Helativs humidity 
Max. Min. imm) { % ' 
January 
February 
March 
April 
key 
Juno 
July 
August 
September 
October 
Novorcbsr 
December 
20 .30 
2 3 . BO 
28 .00 
39.18 
42.46 
37.4V 
32.70 
33 .60 
%|*T »^fc-
33.23 
27 .13 
21.02 
7 .2* 
10.60 
14.00 
21 .86 
2 6 . 8 0 
2 7 . 2 0 
26 .00 
2 6 . 1 0 
23 .92 
20 .67 
13.32 
9,36 
0 .0 
9 . 8 
14.2 
0 . 3 
3 . 3 
78 .7 
396.3 
141.36 
9 7 . 1 0 
157.6 
0 . 0 
207 .6 
63 .0 
56 .0 
5 2 . 0 
2 8 . 0 
2 4 . 0 
57 .0 
8 3 . 0 
78.17 
70.55 
63.54 
84.86 
68 .60 
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in May to 115.0 mg/L in February. Total hardness of water 
varied from 314,0 to 72.70 milligrams per l i t e r . A gradual 
r i se could be observed from January to April and a downward 
trend during the rest of the year except in September then 
considerable increase was noticeable. A tfort or lees similar 
pattern was observed for calcium and magnesium* the highest 
values for calcium and maanesium being 40.0 and 60.0 ©q/L 
respectively* The values for magnesium were generally higher 
than those for calcium. 
The highest value of 117.0 mg/L for chlorides was 
registered in ft ay and the lowest of 13.6 mo/L was observed 
In August. From January onwards i t was taking an upper 
gradient. Hovtver, vdth the approach of rains a low profile 
was evident. 
The phosphate values were generally very high in 
samples collected by the author and the highest value of 
11.0 mg/L could be observed during the month of January after 
which a decline upto 0.6 mg/L could be seen in May. Nitrate 
was found in al l the samples in high quantities and the values 
range * between 12.0 mg/L to 4.0 mg/L. Amnoniacal-nitrogen 
showed a more or less quantitative pattern similar to that 
of phosphate. The lowest value was recorded in the month of 
December when i t was 0.8 mg/L while the highest value of 
5.0 mg/L was found in January. 
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Figure 2 . soasonal variations in the physico-chemical 
conditions of the pond. 
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Fluctuations in the amount of s i l icate were very 
erractic during the course of the present investigations* 
Usually i t ranged from iB.O mg/L to 40.0 mg/L. 
The dissolved oxygen content of the water varied 
between 0.50 and 7.20 mg/L. Most of the values were low 
except during the months of January and Kerch (table 2 ) . 
Such variations however, did not show any relation to season. 
The concentration of dissolved organic matter in the pond 
water fluctuated between 4.0 and 90.0 mg/L. 
The biological oxygen demand values exhibited a high 
degree of pollution. The values increased from January 
onwards being 156.5 mg/L in the summer month of May* The 
lowest value of JUL.37 mg/L was found during the month of 
October. 
Salinity (total dissolved solids J ranged from 236.0 to 
1346.0 milligrams per l i t e r and followed a definite seasonal 
trend. As water evaporated during summer* the values became 
higher. 
The seasonal distribution of different genera of 
plankton as found by the present author i s represented in 
table 3 while the relative abundance of the various groups 
i s given in table 4 , phytoplankton were generally predomi-
nant over zooplanktons except during the month of June when 
- 45 -
the population of zoopiankton was considerably higher than 
that of the phytoplanktons (figure 3 j . 
The phytoplankton papulation mainly consist*- of 
chlorophyceae, Myxophyceae, Sacillarlophyceae and Euglenacaae 
and ranged from 6,09,329 per l i t e r in May to 11,153 per 
l i t e r in June. Five peaks could be observed In the months 
of Jmu»ry9 February, May, July and October when the popula-
tion of phytoplankton bloom was 47,487/L, 64,270/L, 7,79,999/1., 
17,400/L and 7,56,886/L respectively. 
The genera of chlorophyceae collected were: 
60lsLstj2de!£u». chlayydpyenas, phlorangjutt, $4or»Ua, 
plosterioosis. Closteriuit. CoelastruB, Cvstodinlusu Sloeobotrys. 
ftonostrpaa. pocystls, Pandortne* Pedi est rua. *>hyt odlnl urn. 
ocenede&mus. ffplroqyrs Ulothrlx and Uronaaa. Though none of 
these genus was found throughout the ye»ar% pedlastrum came 
closest to being prennial as i t could be collected throughout 
the year except during January and December. Ciosterimr was 
abundant before and after the rains. In fact, a characteristic 
pattern of seasonal periodicity could be observed {tables 3 
and 4 ) . As Btmn in table 3, seasonal outbreaks could be 
caused as a result of the intensive growth of any genus. 
Two peaks ware observed for chlorophyeeae, one in February 
and another in July (table 4 ) . in February the dominating 
genus was phlacvdoaonas whereas in July i t was Spiroovra. 
- 4 6 -
The highest number of 64t270/L and lowest of 432/L 
of phytoplanktons belonging to chlorophyceae were found in 
February and June (table 4 ) . 
Four genera of the blue green algae, Myxophyeeae were 
recorded. These vera Gloeocapsa. jfterlscoooedla. Microcystis 
af ld
 Splruilna. The most abundant was Microcystis. 
The populatior of blue green algae which was at a low 
ebb from January to March suddenly increased in April arid 
reached a peak in '.'ay and formed £5*28^ of the total popula-
tion of the phytoplankton. in the months of June and July 
i t formed only 10.30 and 4.97 percent respectively but again 
showed an upward trend from August to form a peak in October 
(table 4) vith 96.32% of the population of total phytoplankton. 
During both periods of bloon. Microcystis sp» was the only 
genus present. Gloeocapsa and Merisnopoedia appeared in 
March and again from August to December (table 3 } . Microcystis 
could however, be found throughout the year, soirulina made 
i t s appearance froir. May onwards for the rest of the year. 
Baclllariophyceae comprising of diatoms was significant 
only in January, the different distoass observed being 
ftirphipleura. Sacillarla. Cpceoneis. Cvllndrotheca. PiatoB.a. 
Frustujla. Gofrphonei s * Navicula. e^dium and Synedra. These 
were present almost throughout iiw year (table 3 ) . Growth 
was richest in the case of Navlcula and s sort of dieton pulse 
- 47 -
could be observed during the month of January. 
The total diatoM number varlea frooi 47,487/1, to 
780/L from January to December (table 4 ) , Percentage wise 
those were most prevalent in the months of January and 
December while for the rest of the year, the population w#s 
very insignificant, 
Colaciuns, auqlena. ?hacus and Tracheloroonas belonging 
tc the family Huglenaceae were the only phytoflagellates 
ccl lecte i by the author, guolena and phacus were the preva-
lent tncirc.bers of the group and were found throughout the year 
(table 3} . Their highest number of 13,730/L was recorded 
curing April while only 312/L could be obtained during July. 
The zooplanktons consisted mainly of the Rotifers and 
the crustaceans. They were found in almost al l the sain pies 
collected during the period of study and ranged fron 71,31# 
to 0.33^. Quantitatively the zooplanktons reached a maximum 
concentration of 27,728/i, (71.31&) in Jun© and forced a sort 
of swarm which dominated over the phytoplanktons• 
Among the rotifers, Asplanchna* Brachlonus.Flllnla* 
ffoxarthra and Keratella were found • of these only BracMonus 
and FfXinia were significant from the quantitative point of 
view, Hexarthra and Keratella were also present while 
ftsolanchna occurred only as a stray form. Hotifers were most 
Figure 3 , succession of n.ajor phytopiankton and 
zoo plank ton groups during different seasons 
of the year. 
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abundant, comprising about 71.31& of thy total phytoplankton. 
But for the asajor part of the year their population was not 
ttiore than 1D,0&, 
Crustaceans wart found in el&ost all the months except 
June. The genera coraonly encountered were ceriodaphnia. 
Dajhnloi. Moi na and cvclopi. They never formed any peak 
during the period of study and ware fairly distributed in 
the range of JL300/L and 5,832/L. The population was at i t s 
maximum in February and very few could be recorded in July 
and November (table 4 ) , 
Quantitatively only Nauplii of various species *ere 
significant. Cyclops could be found in seven out of twelve 
collections. However, their number was rather low. 
In conclusion i t stay be said that the number of orga-
nises per l i t e r and their percentages had no bearing on each 
other and phytoplanktons maintained their density throughout 
the year except during the susmier month of June. 
A number of physical, chemical and biological factors 
affect the succession of planktons and the occurrence of 
fishes in the Aligarh freshw&ter pond called 'Digji1 . The 
coefficients of correlation and multiple correlations between 
different physico-chemical variables and different groups 
of planktons are given in tables 5 to 10. Tables 2 to 4 
- 54 -
cleanly show the different groups of plankters had their 
periods of maximun intensity in different months* As a rule 
phytoplanktons were more numerous than zooplanktons* Tempera-
ture did not prove to be a critical factor for the seasonal 
periodicity of phytopiankton as has earlier been observed by 
J&na (1973) and Chari (1980). It could however, oe important 
in controlling both the quantity and quality of plankton 
flora (Hutchinson, 1967) and it ay also affect the seasonal cycle 
of phytopiankton in temperate zones (MeCombie, 1953;. 
The pH of the water varied between 7.85 to 9.55 during 
the present study. Correlation coefficient (r « 0.440} was 
found to be insignificant between phytopiankton and pH at 5% 
level of significance. These observations arm contrary to 
those of Bayly (1963), sreebuvasan (1963), Moitra and 
Shattacharya (1965) and Jans (1973) who found that a high pH 
value was related to heavy blooms of phytopiankton while a 
low pH Indicated a rise in zooplankton. AS earlier observed 
by the author (1930) a high pH value was related to heavy 
blooms of phytopiankton but a low pH did not necessarily 
indicate a rise in the population density of zooplankton. 
Apparently the carbonate alkalinity values indicated a 
relationship between pH and the carbonates. George (1966), 
Jana and Sarkar (1971) and Chart (1980) observed a direct 
relation between the two but the present findings ara not in 
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agreement v.ith these results as the pH end carbonate values 
v.ere inversely proportional to each other. The correlation 
coefficient (r * -0.686; at 5% level was significant* 
Golteasan (1970) while analysing natural-waters for relation 
between pH and pexxent of total 'CUj1 a» free Co2i HCGg and 
OD^ *" found that an increased pH meant higher carbonate values. 
Contrary to this present author found higher pH values and 
decreased carbonate values. This stay be due to the absence 
of carbonates in most of the samples as carbonate alkalinity 
was recorded only when pH tended towards i t s upper limit 
meaning thereby that carbonate alkalinity was recorded in 
water samples only when pH was above 8.7. 
The higher values of GC>2 (66.0 and 88.0 stg/L) during 
March and July were associated with a proportionately small 
number of phytoplankton, 52,427/L and 19,533/L. A summer and 
postmonsoon outbrust occurred in May and October when free CCj 
was totally absent or was present only in small quantities 
of IS mg/L. Consequently the correlation coefficient 
(r <* -0.449) obtained for phytoplankton and free CC^  was not 
significant. I t may therefore, be said that atleast free C02 
i s not a controlling factor for phytoplankton production and 
that the algae have the ability to obtain CU?_ from bicarbonates. 
Similar results have earlier been obtained by Jan a and Sarkar 
(1971), Jana (1973) and Chari (1980). 
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The higher concentrations of bicarbonate during th« 
summer months Kay bo the resu l t of a decrease in water l e v e l 
by evaporation. Rainfall in the months of June and July 
decreased the values of bicarbor.ates. 
The 87.67 percent of myxophyceae, quantitatively formed 
an important group of plankters in the collections made. 
Microcystis sp. was dominant in all the samples which were 
collected by the writer. Though large quantities of organic 
matter, phosphates and nitrates were favourable for the growth 
of this species (George, 1962) none of these or any other 
was of any significance during the present studies. Although 
no established reasoning i s available for such phenomenon, i t 
can be assumed that some extraneous materials and interaction 
of biological species along with the above mentioned chemical 
constituents contribute towards the excessive growth of 
fficrocys^s. 
It has been found that phosphates are essential for th» 
growth of green algae (Komsrovsky, 1953 and J an a, 1973). 
However, during the present studies no relationship could be 
established between the concentration of phosphate and the 
population density of chlorophyceae as the algae bloomed 
both when there was an abundance as also an scarcity of phos-
phates. This agrees v4th the findings of Welch (1952), 
Pears all (1932) obtained an Inverse relationship between 
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phosphate level ana green algae during his studies of English 
lakes. However, an interesting correlation was significant 
between chlorophyceae and nitrate-nitrogen during the present 
investigations. A direct correlation was observed with 
nitrate and the population density of ehlorophyeeae increased 
with an increase in the concentration of nitrates. 
Diatoms formed the third major group of phytoplankton 
contributing an average of 3.90 percent of the total plankton 
population. The relationship between s i l icate level and 
diatom numbers (r * -0.186) wa* not significant. Pears all 
(1932) postulated that diatom* cannot reproduce below 0.5 mg/L 
of s i l i ca . He also mentioned that diatoms appeared when the 
waters was rich in nitrates, phosphate and s i l i c a . Hutchinson 
(1944) found that in Linsley pond which was adequately supplied 
with phosphorusi nitrogen and s i l i ca , the population of diatoms 
was poor and hence doubtful of ^ ears a l l ' s hypothesis. 
A direct relationship could be established between the 
concentration of phosphate and the diatom population as %arli»r 
obtained by Chari (I960). The correlation coefficient 
(r » 0.717) between the two subjects was significant at 5& 
leve l . Komarovsky (1953) postulated that no clearcut relation-
ship could be established between the fluctuation of phosphate 
and diatom abundance. The same view has been expressed by 
J an a (1973). The present author could not establish i f 
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phosphates could be a limiting factor for the growth of 
diatoms as emphasised by Lund (1950). This could mean that 
phytoplanktons do not play any significant role in the 
nutrient ecology of the pond. 
The fluctuations in the content of the dissolved 
oxygen did not exhibit any seasonal trend suggesting thereby 
that temperature and rainfall nay not influence the amount 
of dissolved oxygen in Biggi pond because at higher tempera-
tures pond waters do not have the capacity to retain more 
dissolved oxygen tshile during the rainy season* cooler tem-
peratures and agitation of vater should Increase the 
dissolved oxygen content, phytopi ankton pulses occurred 
irrespective of the concentrations of dissolved oxygen. The 
correlation coefficient (r • 0.062) was not significant. 
The convection currents set up at night induced vdde fluc-
tuations in dissolved oxygen. This *as apparent in the 
water samples collected during the mornings (Jana, 1973 and 
Chari, I960). The present studies also showed that oxygen 
content was not a limiting factor for plankton production as 
propounded by Jana (1970), Jana (1973) and Chari (1980). 
Das and ^rlvastava (1956), filoltra and ahattacharya (1965), 
Biswas (1966) and Jana (1973) observed an Increase in 
dissolved oxygen with an Increase in phytoplankton biostass. 
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Tht total dissolved tollds varied significantly along 
with the phytoplankton. No such relationship as was observed 
by Northcote and Larkin (1956) between the two could be 
observed by the present author* A definite correlation was 
however, apparent between turbidity values and the phyto-
plankton* A significant correlation of r * 0,740 proved 
that turbidity in the pond was due to phytoplankton produc-
tion. 
Calcium and magnesium were found in fairly good amounts 
but did not fore any salts in combination with the carbonates 
and bicarbonates which were also present in the pond. This 
was evident as no significant relationship was seen. 
Sana et . j£,. (1971) as also Ghosh and his associates 
(1975) established an inverse relationship between dissolved 
and consumed oxygen as against a direct relationship which 
was observed by the present investigator. The correlation 
coefficient (r • 0.526) was significant at log level , perhaps 
i t was due to an abundance of phytoplankton that oxygen produc-
tion was considerably high. The organic siatter was abundant 
and the oxygen produced by the phytoplankton was rapidly 
consumed during bacterial decomposition of the organic natter. 
This could therefore, be the reason for not obtaining any 
explainable relationship between dissolved oxygen and the 
phytoplankton. The insignificant correlation coefficients 
(r * 0.139 and r « -0.374) between phytoplankton,zooplankton 
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and consumed oxygen showed that phytoplankton end zooplankton 
may not be responsible for the accumulation of organic natter 
In the pond. High temperature acclerates bacterial decotnpo-
sition of organic natter and this results in the production 
of cerbondioxide (Apurba Ghosh et . j i . . , 1975 and Chari,i980}. 
However, observations for carbondioxlde production made by 
the present author (Table 2) showed an inverse relationship 
between temperature and consumed oxygen (Table 5) . This 
deviation, compared to the works of the above two authors 
nay be due to two reasons, high temperature and greater 
hardness of the water. Thus whatever l i t t l e oxygen may be 
available due to phytoplankton i s utilized for the decompo-
sition of organic matter. Zt could be due to this reason 
that the production of carbondioxlde i s l e ss even at higher 
temperatures. Again, i f higher carbondioxlde i s produced 
during bacterial decomposition i t may be immediately conver-
ted to either carbonates or bicarbonate*. The high bicarbo-
nate values of the pond water confirmed this conclusion. 
Since the pond i s foul smelling for most part of the year, 
the processes of fermentation and putrefaction cannot be 
ruled out. perhaps the rather erratic relationship of 
inversity for temperature and consumed oxygen may be explained 
on this basis. 
The high values of 9DD Indicated a greater pollution 
but no relationship with respect to season could be established 
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though the 30D values seemed to be associated with the 
density of the planktons. A significant correlation coeffi-
cient between phytoplankton and BOD of r * 0.614 was 
established. This could account for the decrease in the 
content of the dissolved oxygen for most part of the year. 
The chic ride content of the pond water Coincided 
greatly v.lth water level . During the summer *hen the rate 
of evaporation increased, chloride concentration also 
increased. I t *»as diluted vdth the onset of rains. 
Komarovsky (1953} postulated that Microcystis sp. appeared 
only when water salinity did not exceed 50o mg/L, The high 
chloride content twas indicative of a high degree of pollu-
tion by organic matter. 
Goitre and ahattacharya (1965} and Chart (i960} 
succeeded in establishing a significant relationship between 
ph/topiankton and the zooplankton. However, during the 
present studies no such relationship could be established 
Indicating thereby that a proportionate distribution of 
phytoplankton and zooplankton was disturbed. 
Jana (1973} found that diatoms were abundartt during 
autumn, though the present author could observe then only in 
January just as v.as the case in the studies which were made 
by George (1966}. pennak (1955} working in Colorado lakes 
found that there was no regular diatom periodicity. The 
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Table 5. Correlation coefficient computed between different 
physical and chemical parameters. 
S.No. Relationship «r* *t» 
I . 
«& *. 
3 . 
4 . 
5. 
6 . 
7. 
a. 
9 . 
iu. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
Turbidity vs Dissolved oxygen 
Temperature vs pH 
Dissolved uxygen vs tJQD 
Dissolved vs Consumed oxygen 
Temperature vs Consumed oxygen 
Temperature vs Dissoiveu oxygen 
Temperature vs 3DD 
Free CU2 vs Dissolved oxygan 
Total a lkal inity vs free CQj 
Total alkal inity vs Calcium 
Calcium vs Phosphate 
Calcium; vs Carbonate 
Calcium vs Bicarbonate 
Magnesium vs Carbonate 
Magnesium vs Bicarbonate 
pH vs carbonate 
pH vs Bicarbonate 
pH vs Fro© C02 
pH vs Total a lkal inity 
0.081 
0.251 
0.155 
0.526 
-Q.519 
-0.067 
Q.256 
0.043 
0.936 
0.416 
\J »t9^^ 
0.244 
0.429 
0.180 
0.181 
-0,686 
0.433 
-0,634 
0.542 
0.256 
0.819 
0.496 
1.955"* 
i.920** 
Q.212 
0.B37 
0.136 
8.410* 
1.446 
1.158 
0.795 
1.501 
0.578 
0.582 
2.9B2* 
1.519 
2.593* 
2.039*» 
* significant at 5% leve l . 
*• significant at M)% level . 
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numerical valuta between rotifers and diatoms did not show 
any relationship between the two (r » -0.227), Numerical 
values between rotifers tind diatoms demonstrated a direct 
ralationshlp (Jana, 1973} since rotifers were the principal 
consumers of diatoms (Mil iars , 1964 and teoitra and 
Bhattacharya, 1968). 
Vasisht and sra (1979) while studying the biological 
characteristics of Chandigarh waste waters recorded charac-
terist ics of many species of algae and zoo plank ton as 
Indicators of pollution, of the species so recorded only 
Microcystis and Keratella were observed by the present 
author in the case of the 'Dig il1 pond. This may be at tr i -
buted to the lot ic and lentic ecosystems which were studied 
by the two groups of workers. Sampath et . j j . . (1979) in 
their studies on water quality of river Cauvery concluded 
that various species of Brachionus may be used as indicators 
of pollution. Arora (1963) and Khan (1967) have also 
observed that Brachionus was abundant in moderately polluted 
waters. This could mean that the presence of Microcystis 
"
nd
 Brachionus sp. may be used as indicators of polluted 
waters as also for investigating the eutrophic nature of the 
water bodies. 
Multiple correlation between temperature, pH and 
dissolved oxygen and phytoplanktonic groups (Table 7) showed 
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that bacillariophyceae and euglenaeeae were dependent for 
their growth on three factors, temperature, pH and dissolved 
oxygen. The results showed that multiple correlation 
E « 0.788 and F « 4.370 with degrees of freedom (d . f . ) 3 and 
8 i s significant at 5$ level for bacillariophyceae and 
H m 0.747 and F = 3.382 with d.f. 3 and 8 i s significant at 
KM level for euglenaeeae. Of al l phytopianktonic groups, 
chlorophyceae was susceptible to alkalinity, free CG2 and 
pH, Consequently a correlation of a » 0.921 with F * 14,986 
at 3 and 8 degrees of freedom was significant at 1% level 
(Table 8) , Correlations between nutrients and different 
phytoplanktonic groups were made (Table 9) and i t was found 
that chlorphyceae, bacillariophyceae and euglenaceae were 
Influenced by phosphate, asanonia-nitrogen and nitrate-
nitrogen. Finally the computation of the multiple correla-
tions between temperature, pH, dissolved oxygen, free C02. 
bicarbonates, phosphate, ammonia-nitrogen and nitrate-nitrogen 
with different phytopl ank tonic groups were made (Table 10), 
Chlorophyceae and bacillariophyceae groups were found to be 
significantly influenced by these factors, whereas other 
groups were not affected by them. 
In summation i t may be said that myxophyceee though 
dominant did not show any relationships with the physico-
chemical parameters and similar was the case with the 
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Table 7s Multiple correlation between temperature, dissolved 
and pH with phytoplanktonic groups. 
Phytopl anktonic 
groups Based on Based on 
numbers percen-
tage 
t F t * 
Based on Based on 
numbers percen-
tage 
Chi orophyc eae 0.606 0.706 
fcyxophyceae 0.547 0.534 
Baelllariophyceaa 0.788 0.805 
Engl enac eae 0.747 0.677 
Total phytopl ankton 0.522 0.405 
1.549 2.687 
1.140 1.066 
4#370»# 4.913** 
3.382**» 2.258 
1.003 0.525 
• » Degrees of freedom (3 and 8) 
»• « significant at SX level 
•*» * significant at 103* level . 
<•» 6 7 mm 
Tabls e} Multiple correlation between alkalinity, fret CO, 
and pH vdth phytoplank tonic groups. 
Phytoplanktonic 
group 
Chlcrophyceae 
toyxophyceae 
Bacillariophyceae 
Englenaceae 
Total phytopoankton 
»H« 
Based on 
nucbers 
0.548 
0.573 
0.445 
0.498 
0,561 
Based on 
percen-
tages 
0.921 
0.62 JL 
0.277 
0.598 
0.174 
i p i e 
Based on 
numbers 
1.148 
i .305 
0.661 
0.881 
1.226 
Based on 
percen-
tages 
14.986»» 
1.679 
0,223 
1.485 
0.083 
•Degrees of freedom (3 and &), 
••Significant at 1% l eve l . 
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Tabid 9s Multiple correlation between phosphate, amfflonia-
nitrogen and nit rate-nitrogen v.dth phytopoenktonic 
groups. 
Phytopl anktonic 
groups 
dtlorophyctao 
Myxophyceae 
Beeil l artophyewo 
Englanaceao 
Total phytopl ankton 
«R) 
Based on 
nunbars 
0.656 
0.540 
0.935 
0.771 
0.522 
Based on 
percen-
tages 
0.589 
0.561 
0.949 
0.690 
0.134 
• t p i # 
Based on Based on 
numbera percen-
tage* 
7.317*»» 1.419 
1.101 1.229 
18.740»» 24.324»* 
4.919**»* 2.427 
0.999 0.049 
•Depress of freedom (3 and 8) 
••Significant at 1% level 
•••Significant at 556 level 
••••Significant at l€% level . 
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Table lOj Multiple correlation between temperature, pH, 
dissolved oxygen, bicarbonates, free OOgt phosphate, 
ammonia-nitrogen, nitrate-nitrogen with phytoplank-
tonic groups. 
Phytoplanktonic 
groups 
Chiorophyceae 
&yxophyceae 
Sacil i ari ophyc eae 
Enqlanaceae 
Total phytoplankton 
i R i 
Bated on 
numbers 
0,966 
0,796 
0,975 
0.B99 
0.786 
Based on 
percen 
t tges 
0.982 
0.843 
0,969 
0,800 
0.648 
»p«« 
Based on 
numbers 
5.293»** 
0.650 
7.330«MM» 
1,594 
0.607 
Based on 
percen-
tages 
10.654»e 
0.925 
5.776»»* 
0,660 
0,272 
•Begrets of freedom (6 and 3 ) , 
»e;#gnificant at $% l e v e l , 
•«* Significant at 10^ l e v e l . 
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phytoplankton (Tables 7 to 10). It means that equilibrium 
£n the pond could be in disarray. 
An equilibrium betveen photosynthesis (p) and respi-
ration (R) i s a prerequisite for the chemical composition 
and biological diversity of pond waters. Departures from 
P * R steady state equilibrium had been occurring, pond 
water received organic nutrients in excess from night soil 
in put, release of dung and urine by buffaloes and fro© the 
mixing of l i t t e r from trees situated along i t s banks. This 
stimulated bacterial growth and activity whereby R > p was 
noticeable. The surrounding orchards contributed towards 
the algal blooms by repleneshing inorganic nutrients by 
surface runoff during the monsoon season. This destablized 
the ? « R steady state to p > R. However, i t could not be 
established whether P > R or R > P could be dominating. 
Algal blooms were frequently seen and the proportionate 
production of various species of algae as also the equilibrium 
of trophic levels was disturbed. Likewise the potential 
variety of food source for the herbivores might have been 
restricted and economically viable carps eliminated from the 
ecosystem, organic matter require, large amounts of oxygen 
for bacterial decomposition and therefore oxygen may also 
have been a limiting factor. 
I t i s possible that starvation, depleted oxygen and 
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high degree of pollution could be responsible for the absence 
of the delicate but economically culturable fishes from the 
•Diggi* pond. 
Some of the hardy air breathing, carnivorous and 
detritus feeding species like Heteropneustes fossil i s . Chaw 
JWreftrtVit £*f4¥» *>#r«c«f a n d ^acrogna^huf ffcu|ef^ug were 
found for most part of the year. The above observation* 
clearly show that the 'Diggi* of Aligarh i s at such unsuitable 
for fish culture. 
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SENSITIVITY QF O W t W KJNCTATUi, TO DDT. fcALATHIQN AND SSVIN 
AT PtffeffijNT TP^jfrTMftSS 
Temperature i s an important environmental factor which 
affect* the properties of water and therefore an attempt was 
made to determine the susceptibility levels of fthanna punetatus 
to three cosuaonly used toxicants, DDT, raaiathlon and sevin 
under variable conditions of temperature with a view to des-
cribe the function of UC501 s and relative potencies and 
recommend presumable harmless concentrations of these chemi-
ca l s . The species Cham* punetatus i s an ubiquitous fish 
which holds promise in bloassay te s t s . 
Temperature regimes of 14-16°C| 24-26°C and 32~34°C 
wen? obtained by conducting the experiments under ambient 
room temperatures during different seasons of the year. 
Temperature range of 14-16°,; was obtained in winter, 24«26°c 
In monsoon and 32-34°c during summer season* The physico-
chemical characteristics of test water during the experiment 
varied considerably i pH ranged from 7.2 to 7.6, dissolved 
oxygen from 6.0 to 9.5 ffig/L, bicarbonates from 335 to 350 ng/L 
and hardness frosi 40D to 425 »g/l«. 
The various doses and mortalities of Channa punetatus 
for DPT, malathion and sevin are graphically presented in 
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Table H I ProMt analysis out put of B&P* lialat don aid 3evln at different teaperatur* rang*** 
Toaperature Sbosw M&tmawlQm equation C;ii square iC50 AUP JUK> 
5 J I 
14 - TG"C 
24 - 26°C 
32 - 34WC 
24 
40 
72 
96 
24 
IB 
72 
96 
24 
48 
72 
96 
I m -10.64 4 
X m - 8.52 4 
X • - 5.16 • 
X « - 4*79 4 
X « - 9.49 4 
X - - 5.04 4 
X • - 2.50 4 
X m - 3*02 4 
X — •?*%/# f 
X « - 1*12 4 
X » - 0.05 4 
X » - 0.81 4 
6.11S 
5.3BX 
4.14X 
4-14X 
6.34X 
4.60X 
3.69X 
3.79X 
4.67X 
5.79X 
3.12X 
2.69X 
1.211 
1.378 
4.50D 
2.168 
1.997 
0.647 
1.469 
1*813 
2.505 
3.23B 
5.786 
1.340 
0.361 
0.326 
0.283 
0.232 
0.192 
0.153 
0.1O8 
0,105 
0.053 
0*641 
0.039 
0*036 
0.393 
0.360 
0.325 
0,264 
0.214 
0.173 
0.127 
0.121 
0.059 
0.047 
0.046 
0.045 
0.33© 
0.294 
0.245 
0.201 
0.176 
0.135 
0.097 
0*090 
0*047 
0*036 
0.032 
0*029 
Hnltrfflilin 
14 - 16°C 
24 — 2» 0 
32 - 54 0 
24 
48 
12 
96 
24 
48 
72 
96 
48 
72 
96 
x 
IT 
x 
x 
i 
x 
i 
X 
t 
J 
X 
X 
-35 .01 4 f5*8U 
•51 .02 4 12.50* 
-26*59 4 11.CBX 
•29*45 4 12.161 
-46.74 4 17.31* 
-49.97 4 13*46X 
-41.S2- * 15*81i 
-62.50 * 22.9S& 
„*&*$* 4 3 2 . W 
•87*76 4 23.49* 
-83*09 4 27*1C& 
-95.69 4 31.13a 
0*983 
0.386 
0*297 
0.677 
1.795 
0.995 
3*102 
0*103 
0,067 
0*898 
0*578 
1.142 
0.791 
0.763 
0*711 
0*782 
0*973 
0.949 
0.874 
1*875 
1*820 
1*781 
1.717 
0*822 
0.795 
0.744 
0.714 
1.011 
O.986 
0.954 
0*904 
1*89© 
1*834 
1*816 
1.748 
0.760 
0.730 
0.678 
0.654 
0*942 
0.920 
0.848 
1*827 
1.768 
1.748 
1. 
14 -
24 -
3 2 -
16*0 
26°C 
34®S 
• 
AtTP 
• PS®* 
24 
48 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
X m -51*79 4 
X * -50*49 4 
It » . 49 .63 4 
Y * -42-20 * 
X * -35.45 4 
X m -29*40 4 
X » -23*56 4 
X » -35.00 4 
X * -16.05 4 
X m .12*51 4 
X * -11.5B 4 
X « - 9.49 4 
* Upper f iducial l imit* 
m Lower f iducial H a l t . 
14.5 9X 
14.07X 
13.96X 
12*17X 
KV71X 
9.18X 
9»02X 
10*821 
5.94X 
5.05X 
4.83K 
4.33X 
0.369 
1.145 
0*208 
1.392 
0.142 
0.477 
0.767 
0.3B4 
0*785 
1.756 
3.197 
3.100 
9.045 
8.771 
8.102 
7.559 
5.962 
5*600 
5.258 
4.957 
3.485 
3.016 
2.615 
2.225 
9.372 
9.092 
8*405 
7.874 
6*291 
5.925 
5*587 
5*289 
3.979 
3.324 
2*904 
2.534 
8*724 
8.431 
7.795 
7*255 
5.643 
5*278 
4.909 
4*644 
3.162 
2*697 
2*324 
1.912 
- 74 -
figure 4 . The probit analysis output for regression equation, 
Chi square, LC50 ami upper and lower fiducial limits for 
fishes exposed to various levels of tine snd temperature 
regimes are presented in table 11. i t was seen that in the 
different temperature regimes studied by the author, DOT was 
most toxic, Then cane malathion and savin, It was interes-
ting that al l the three chemicals varied in their toxicity 
to the fish at different temperatures* Also, as expected, 
am increase in exposure time decreased the i£50 values and 
the fishes became more susceptible to the toxicant. 
As seen In table 11, DDT was most toxic at 32-34°c, 
the LC50 values being 0.053, 0.042, 0.039 and 0.036 ppsi at 
24, 48, 72 and 96 hours respectively. The toxicity of DOT 
decreased at lower temperatures. A glance at table 11 makes 
i t obvious that malathlon was most toxic at 14~16°C. The 
24 hour LC50 values at 14-16, 24-26 and 32-34°C were 0.791, 
0.973 and 1.675 ppm respectively. Unlike malathlon, sevin 
behaved more l ike DOT in that i t vas more toxic at higher 
temperatures ranging from 32-34°c (table 11). The signif i-
cance of the variations observed in the LC50 values of the 
three toxicants were also determined. 3ased on exposure 
times, i t was found that 96 hour LC5Q v.as more toxic when 
compared to 24 hour one. The relative potencies obtained were 
1.541, 1,880 and 1.434 times more toxic at 14-16, 24.26 and 
32-34°c temperature ranges for DDT (table 12). Malathlon and 
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Table 12« Mfttiv* potencies wltjin diXIatont exposure tiues for H0£# ittlatttat and anria at 
different tooporatura raises* 
Tonpenitoie bura B&X&tlve pouaaeieo AUi» JII£ 
J„9;ifl 
14-16°C 
24»26°C 
32»34°C 
24 
48 
72 
96 
24 
4B 
72 96 
24 
m 
72 
96 
1.000 
1.105 
1.265 
1.541 
1.000 
1.294 
1.827 
1.080 
1.000 
1*265 
1.315 
1*434 
1.000 
1.285 
1.484 
1*813 
1.000 
1.553 
2.226 
2.314 
1.575 
t.625 
1.799 
HnlstiliOft 
1.000 
1.036 
1.110 
1*158 
1.000 
1*024 
1*062 
1.110 
1.000 
1.051 
1.043 
1.083 
1.000 
1.099 
1.178 
1.231 
1.000 
1.071 
1*114 
1.*|68 
1.000 
1.057 
1.070 
1.1-0 
1*000 
0.946 
q.u84 
1*32® 
1*000 
1*034 
1.532 
1.597 
1*000 
1.023 
1.069 
1.198 
1.000 
0.977 
1.048 
1.094 
1.000 
0*9t8 
1.016 
1.058 
1.000 
1.00S 
1.018 
1*056 
14-1600 
24~26°C 
32-54°0 
24 
48 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
0% 
t 
14~160C 
£4-26°C 
32-34°0 
24 
48 
72 
96 
24 
48 
72 
96 
24 
43 
72 
96 
1*000 
1*032 
1.117 
1*194 
1.000 
1.053 
1*131 
1.202 
1.000 
1.144 
1*315 
1.533 
1.000 
1*038 
1.777 
1.261 
1.000 
1.150 
1*229 
1*316 
1.000 
1.3*1 
1.527 
1.798 
1.000 
0.979 
1.060 
1.157 
1.000 
0.934 
1.046 
1.105 
1.000 
0.99* 
1*140 
1*525 
AtTP » Upper f i die le i U n i t ) ) 99$ ©cut !&»ee le-pel 
AIX) • Lower fiducial l imit ) 
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Table 13; Relative potencies among different temperature 
ranges for insecticides at 24 hours. 
Insecticides 
EOT 
Malathion 
Sevin 
Taupe r a t um 
14 - 16°C 
24 - 26°C 
32 • 34°C 
14 - ie°c 
24— 26°C 
32 «. 34°C 
14 ~ X6eC 
24 - 26°C 
32 - 34°C 
Relative 
potencies 
1.000 
1.852 
*"' • 7*»iD 
2,357 
1.919 
1.000 
1.000 
1.516 
2.553 
MJP 
1.000 
2.131 
7.871 
2.527 
2.Oil 
1.000 
1.000 
1.667 
2.845 
AUO 
1.000 
1.600 
6.003 
2.310 
1.831 
1.000 
1.000 
1.379 
2.369 
AUP * Upper fiducial H a l t 
ALO * Lower fiducial l imit } 99£ confidence level 
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Table 14s Relative potencies between Insect ic ides at different 
temperature ranges for 24 hours. 
Temperature Insecticides i l l a t i v e ALIP ALU IHC 
potencies 
14 - I6°c 
DDT 
Mai at hi on 
Sevin 
24,38 29.38 24.77 0.120 
11.51 12.54 10.57 0.246 
1.00 1.00 1.00 2.798 
DDT 
24 - 2 6 ° C MaXathion 
bevin 
31.39 37.81 31.25 0,072 
6.00 6.59 5.44 0.299 
1.00 1.00 1,00 1.904 
32 - 34°C 
DDT 
^alathion 
Sevln 
64.54 75.78 58.03 0.022 
1.81 2.06 1.57 0.585 
1.00 1.00 1.00 1.208 
$jp » Upoor fiducial l imit ) 
ALO « Lovor fudicial l imit 
) 95%' eonfidece l e v e l . 
# & Presumable harmless concentration. 
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sevin (table 12J also showed a more or less similar trend* 
Relative potencies determined among different 
temperature regimes for DDT, malathion and sevin at 24 hours 
(table 13) showed that DDT was 6.705 t ints more toxic at 
32-34°c range than at 14-16°c range. Malathion was more 
toxic at lower temperatures (i4-16°C)» while sevin was 
2.533 times more toxic at 32«34°c range. The relative poten-
cies derived for the three insecticides at different tempe-
rature regimes (table 14} showed that DDT was 24.86, 31.39 
and 64.54 times otore toxic than sevin for temperatures frost 
!4-.i6°C» 24-&6°C and 32-34°C, respectively. However, i t was 
11.51, t.00 and 1.81 times more toxic for malathion than 
sevin. The results thus obtained clearly indicate the 
concentration of the insecticides which can bring about 
substantial damage to fishery. 
Observations pertaining to the effects of pesticides 
on fish, at different temperatures have been made by very few 
worker*, aaong then lyatomi et.aj^. (1956) found that endrin 
was 84 times more toxic to carp at 27«2&°C than 7-8°C. In 
support of their studies Bridges (1S65) observed an increase 
in the toxicity of chlordecone to the red ear sun fish, Lepra i s 
alcrolophus as temperature rose from 45 to 85°F (7.2-2$ .4°C) 
and the period of exposure varied from 24 to 96 hours. 
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In 1969 Mac ok and his associates reported that in 
general the susceptibility of biuegills and rainbow trout 
decreased with an increase in temperature. Cope (1964) 
recorded the 46 hour LC50 values for DDT and found that the 
value at 45°F was 0.0024 wg/L while at 85°F i t was 0.0Q64 mg/L. 
This Indicated that DDT was f&or© toxic to bluegills at lower 
temperatures. 
During the present studies Charma ounctatus exhibited 
differential susceptibility to DDT, nalsthion and ssvin. So 
far as toxicit ies are concerned the 24 hour LG50 values 
showed that DDT was 6.704 times acre toxic at 32-34°c than 
at 14-16°c. on the other hand malathion was most toxic 
at 14*16°C than 32-34°c. Similarly sevin was 2.553 times 
mare toxic to Charma punctatus at 32«34°c than at 14-16°C. 
The present observations are in agreement with those of 
lyatoml &•&• U958) as far as DDT and sevin susceptibility 
at different temperatures to Channa punctatus i s concerned. 
However, the action of malathion was quite different as the 
susceptibility levels exhibited lower toxic i t ies at higher 
temperatures. 
The plausible explanation nay be that at higher 
temperatures, respiration was higher and therefore pesticide 
Intake was more rapid. Due to rapid respiration, the oxygen 
demand was greater but oxygen solubility In test water was 
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reduced because of higher temperature. Also the volume 
of watar in the test tank was limited, therefore, i t Is 
possible that the accumulation of waste products produced 
by the fish could also affect the susceptibility of the 
fish to the toxicants. It i s also possible that a combi-
nation of factors could govern the susceptibility levels 
of the fish. 
The case with maLathion may however be quite different. 
I t degrades rather easily, even at very low temperatures and 
therefore becomes less toxic as the temperature r ises . 
During the present experiments the pH of the test solution 
was 7.2 to 7.6 and this may have contributed partially to 
the hydrolysis of malathion which dtgrades faster at higher 
pH mediums. But this i s also true for sevln which 1ft not 
compatible to solutions of alkaline medium. However, the 
solubility of sevin in water i s greater than that of malathion 
and so i t could have been more toxic at higher temperatures 
cwpared with nalathion. DDT which i s almost Insoluble in 
water was certainly the most toxic compound to Change. 
punctatus. i t may be said that since DOT decomposes only 
at very high temperatures (Sree Hamulu, 1979} i t exhibited 
Increased toxicity. 
The effects of pesticides can be very variable. 
Apart from causing death, either directly or indirectly due 
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to the starvation of fish, long and subit-thai exposures 
also affect growth and reproduction. Unoer experimental 
conditions the effected fish may survive but in natural 
environment such influences are extremely detrimental and 
render the fish more vulnerable to predators. It seems 
that DDT and aialathion are more toxic to phanna punctatus 
than savin. The numerical values for presumable harmless 
concentrations (PHC) as derived after the manner of Hart 
£&•£*.* (-1&45) are presented in table 14» Since an Inter-
mittent analysis of water i s required to ascertain the 
amount of pesticide in the v.ater and to release extra quan-
t i t i e s of water in the water body, the values obtained by 
the present author could be of practical ut i l i ty for 
regulating and controlling pesticidal pollution of wattr 
resources in respect of phanna punctatus. 
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M> VARIABLE ^MOE? y? »flrgfl, H A H P N ^ ' 
Of all the environmental variables in an aquatic 
ecosysteas, temperature, hardness and pH seem to be most 
important from an ecological point of via*. Also tha pK 
of natural waters i s governed to a large extent by tha 
interaction of H* ions arising from the dissociation of 
H2OO3 and from GH~ ions. In view of these phenomena the 
toxicity of DDT, maiathion and savin to Channa ounetatus 
undar varying hardness regimes and pH conditions was 
determined. An attempt was also Bade to segregate these 
two factors in so far as their effect on the fishes i s 
concerned. 
The hardness regimes of 20-30 mg/L, 200-225 mg/L 
and 350*400 mg/L were obtained by delonizing the borehole 
water with high hardness values, two times with the help of 
a deionizer and mixing i t with borehole watsr proportionately 
to obtain the required degree of hardness ranges. The 
physico-chen&cal parameters of test water during the experi-
ment varied as follows; temperature ranged from 25 to 2B°c, 
pK from 7.2 to 8.0, dissolved oxygen from 6.5 to 8.4 mg/L 
and bicarbonates from 45 to 380 mg/L. 
The various doses and mortality response of Channa 
Hgure 5. Dos»««(ortality responses of (Jhanna punctatus 
vdth DOT. ©alathlon and savin at different 
hardness regimes* 
20 - 30 mg/l 
IQI-
70 
60 
5 0 
i, 0-
3 0|r ._ , . . . . , . 
0 25 0 25 
70h 
1
 2O0-225mg/l 
6 0H 
50 
- MA ~ 
5 
o 
a 
a 
l A 0 
3-0 
70 
60 
50 
4 0 
30 
Fig 5 
DDT 
0-2 060 
350-400mg/l 
DDT 
0 20 0 60 
Malat^ion 
f 
0 35 0 70 
Malathion 
/ 
/ 
0V 0 95 
Sevtn*/ 
75 no 
S«*in 
/ 
I 
I 
•to tfs 
Sevin 
.X . . a. 
60 95 
Malathion! 
06 :c 
CONCENTRATION 
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punctatug at different exposure times for DDT, nalathlon 
and sevin are presented in figure 5. Table i s represents 
the values of regression equation, Chi square, LCSO and 
upper and lower fiducial limits for fishes exposed to 
various levels of tisae and hardness ranges of DOT, malathion 
and sevin. In the different hardness regimes studied by 
the author, i t was observed that DOT was the most toxic 
chemical followed by inalathlon and sevin. The toxicity 
values of the three chemicals to the fish did not vary much 
at variable hardness ranges. However, with an increase in 
exposure tiirte the toxicity of the chemicals to the fish 
also increased. 
The probit analysis output (tabic 15) indicates that 
DDT was most toxic at lower hardnesses, the 24, 48, 72 and 
96 hour LCSO's being 0.341, 0.262, 0.234 and 0.161 pps 
respectively. Apparently DDT was more toxic at lower hardness 
and l e s s when the hardness ranges were high. Table 15 
portrays that malathion was comparatively less toxic at 
350-400 tag/L than at 20*30 mg/L hardness ranges. The 24 
hour LC50 values at 20-30, 200-225 and 350-400 ng/L hardnesses 
were 0.475, 0.687 and 0.760 pps respectively. *>evln behaves 
l ike DDT and malathion in exhibiting i t s toxicity. The 
toxicity was inversely related to hardness regimes (table 15). 
I t was however, not possible to establish i f the relation-
ship was linear. The LC50 values were 6.833, 7.770 and 
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9.161 ppm at 20-30, 200-225 and 350*400 mg/L hardness 
regimes respectively for 24 hours. 
Since the LC5Q values vera arising doubts as to 
their significance, the relative toxicit ies based on 
exposure time were calculated. Table 16 represent the 
relative potencies and their fiducial limits for different 
exposure times for different hardness regimes. The 
studies proved that 96 hour LCSO*s were more toxic than 
the 24 hour ones. Consequently the 48, 72 and 96 hour 
periods were respectively 1.222, 1,376 and 1.749 times sore 
toxic than the 24 hour ones for DDT at 20-30 mg/L range. 
This was true for 200-225 and 350-400 mg/L regimes. Similar 
was the case with malathion and sevin (table 16), 
The relative potencies were also date rained among 
different hardness regimes for DDT, DO al at hi on and sevin 
(table 17), All the cheeticals tested were found to be most 
toxic at lower hardnesses. DDT was 1,164 times more toxic 
at 20-30 mg/L range than at 350-400 mg/L range. Similarly 
malathlon and sevin were 1,592 and 1,341 times more toxic 
at the same hardness ranges as of DDT. Table 16 shows 
relative potencies of Insecticides at different hardness 
ranges. DDT showed 19.92, 20.54 and 23.15 times more toxi-
c i ty over sevin at the three hardness ranges simulated in 
the laboratory. At all ranges DDT was more toxic than sevin 
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Tabla t ^ Pzobit analysis output of DDT, Jalat i ion end 3e-?ln at different oardneas nfUE*** 
%T&t6B8 
20-30 ai^li 
200-225 agfl 
550-400 mgf% 
Hoe 78 
24 
48 
72 
96 
24 
48 
72 
96 
24 
72 
96 
mgmmmixm. «quatlon 
X m -14.73 • 
X » - 4.75 • 
X • - 4.18 • 
I m
 m 1.00 • 
X » - 9.03 • 
Y • - 7.55 • 
Y - - 4 .52 • 
X • - 2.95 • 
X « -12.40 • 
X • - 7 3 7 • 
Y • - 5.97 • 
X • - 6 .00 • 
7.79X 
4.02X 
333X 
2.6SX 
5.46X 
4.97X 
338X 
3.37X 
6.71X 
5.10X 
4.40X 
4.49 
Chi agpt&ie 
l?J 
0.175 
2.150 
3.199 
1.836 
4.115 
1.656 
0.994 
5.963 
1.629 
1.779 
0.716 
1.885 
LC50* 
0.341 
0.262 
0.234 
0.1B1 
0.375 
0.331 
0.285 
0.224 
0.392 
0.355 
0.312 
0*281 
jfl»? 
0.367 
0.300 
0.267 
0.223 
0.410 
0.364 
0.322 
0.266 
0.423 
0.367 
0.559 
0.317 
/xo 
0.312 
0.227 
0.199 
0.145 
0.336 
0.298 
0.251 
0.175 
0.363 
0.301 
0.275 
0.247 
20-30 tafl/X 
200-225 a * A 
350-405 ««/L 
24 
48 
72 
96 
24 
48 
72 
24 
48 
72 
96 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Y 
-21.32 • 9.3BX 
-15.22 • 7.65X 
-15.48 • 73CK 
-15 .31 • 7 3 0 X 
-22 .39 • 9.65* 
-20.28 • 8.97X 
-23.55 • 10.25X 
-23*37 + 11.02* 
-27.72 • 11.36X 
-23.17 • 936X 
-23 .42 • 1C.04X 
-22*16 * 9.661 
03CB 
1.522 
1*944 
1.623 
1.290 
0.450 
0.398 
0.23B 
0*446 
1.155 
0.280 
0.387 
0.475 
0.446 
0*425 
0*101 
0.687 
0*660 
0*610 
0.570 
0.760 
0.720 
0*676 
0.648 
0.502 
0.481 
0.454 
0.433 
0.721 
0.695 
0.642 
0.399 
0.795 
0.754 
0*703 
0.682 
0.447 
0.412 
0.592 
©•fit 
0*649 
0.625 
0.578 
0.558 
0.725 
0.683 
0.642 
0.612 
20-30 me/% 
200-225 mfi* 
350-400 mgft, 
24 
48 
72 
96 
24 
48 
72 
96 
24 
72 
72 
96 
X • 
X -
X » 
X • 
Y • 
Y • 
Y • 
X • 
X -
X • 
X « 
X * 
-28*55 
-27.91 
-25.63 
-24.36 
-35.03 
- 2 8 3 1 
•28.17 
-24.83 
•56.tr 
-50.50 
-39.69 
-40.00 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
8.74X 
8.66Z 
3.15*. 
7*8ar 
10.30X 
8.751 
8,643: 
734X 
15.44X 
14.07X 
11.40X 
11.54X 
0.367 
1*017 
1 3 5 1 
0.401 
0.634 
3*773 
1.127 
0.525 
0.911 
1.280 
0.771 
0.235 
6^33 
6.331 
5.754 
5.511 
7.770 
7.311 
6.929 
6*490 
9*161 
8 3 1 0 
8.342 
7.918 
7.262 
6.703 
6.103 
5.688 
8.181 
7.728 
7.321 
6.914 
9*46? 
9.158 
8*711 
3.281 
6.443 
5.963 
5.59© 
4.915 
7.3B6 
6 3 8 2 
6.551 
6.046 
8 3 5 8 
8.463 
7.959 
7.506 
• » ppn. 
AtTP » Upper f iducial l l u l t 
ALO » Lover f iducia l l imi t 
) 
) alt 955& omfidoaoe leve l* 
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Tcble 16, H»l©tiip© po*mcim& wit Ma different exposure tin®® Toy BUST, Midst i&oa. 
3a3?32i0S3 Hours Itelatfc&e potencies 1U1 H£ 
AMI 
20-3C aa/2» 
200-225 a ^ S 
350*400 wz/h 
24 
48 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
1.000 
1.222 
1.376 
1.749 
1.000 
1.120 
1.236 
1.601 
1.000 
1.165 
1.255 
1.381 
Lislathion 
1.000 
1.059 
1.116 
1.175 
1.000 
1.040 
1.127 
1.211 
1.000 
1.030 
1.187 
1.235 
1.000 
1.515 
1.725 
2.195 
1.000 
1.315 
1.514 
1.932 
1.000 
1.334 
1.452 
1.063 
1.000 
1.164 
1.229 
1.300 
t.6f*0 
1.112 
1.211 
1.307 
1.000 
1.175 
1.294 
1.409 
1.000 
€.980 
1.119 
1.417 
1.000 
0.952 
1.098 
1.350 
1.000 
1.017 
1.089 
1.208 
1.000 
0.962 
1.018 
1.070 
0.972 
1*05® 
1.12B 
1.000 
0.994 
1.095 
L I B ? 
20-30 ofl/I* 
200-225 s ^ 
350-400 mg/% 
24 
48 
12 
96 
24 
48 
72 
96 
24 
48 
72 
96 
« 
i 
I 
20-30 wefl* 
200-225 ®«ft* 
350-400 sm/1* 
24 
48 
72 
96 
24 
48 
72 
96 
24 
4a 
96 
1.000 
i.ogo 
1.187 
1.2B5 
1.000 
1.063 
1.122 
1.195 
1.000 
1.040 
1»e§5 
1*155 
1.000 
1.175 
1.294 
1.409 
1.000 
1.152 
1.215 
1.300 
1.000 
1.100 
w19w 
1.222 
1.000 
0.994 
1.095 
1.163 
1.000 
0.983 
1.04© 
1.107 
1.000 
0.983 
1.093 
AHF m Uppor fiducial l imi t > 
> 95^ coat IMmm l^svei 
AX0 • JQVOT f iducial l imit > 
& 9 -
Table 17$ Relative potencies among different hardness ranges 
for insect ic ide* at 24 hours. 
trr«ri—ftr — n •* t l i • - - i n n i r — TT " i III i r - r - r r • 1 ' - , l 1 -— ' ' ' '—' " ' *• 
Insecticid® Hardness Relative AUP AID 
potencies 
20 - 30 ng/t 1.164 1.314 1.035 
DDT 200-225 mg/t 1 .041 1 .164 0.932 
350-400 ttg/L 1.000 1.000 1.000 
Mai at hi on 
1.392 
1.098 
l.OUO 
1.706 
1.169 
1.000 
1.491 
1.032 
1.000 
Sevin 
• 
20-30 tng/i. 
35O-40D »s/L 
20-30 ag/L 
20CU225 wg/L 
35O-40D mq/L 
1.177 
1.000 
1.440 1.263 
1.257 1.102 
1.000 1.000 
AUP » upper fiducial l imit 
ALQ » lower fiducial l imi t 
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Table i$$ Relative potencies between insect ic ides at different 
hardness ranges for 24 hours. 
Hardness Insecticide rtelative AUP 
potencies 
ALG PNC 
20«30 tng/L 
200-325 mg/L 
350-4CD n g / t 
DDT 
MalatMon 
Sevin 
DDT 
Malathion 
Sevin 
DDT 
kalathion 
sevln 
19.92 
14.44 
1.00 
20 .54 
l i . 5 1 
1.03 
2 3 . 1 5 
12.17 
1 .00 
2 4 . 0 5 
15.76 
1.00 
24 .79 
12.69 
i . 0 0 
2 7 . 0 1 
13.22 
1 .00 
2 0 . 1 4 
13.28 
l.OD 
20 .35 
10.49 
1.00 
22 .93 
11.23 
1 .00 
0,046 
0.118 
1.630 
0.078 
0.183 
1.942 
0.072 
0.194 
es» a>^W**/**/ 
AiP m Upper fiducial l imit 
at 95& confidence 
ALU * Lower fiducial l imit ) level 
Presumable harmless concentrations. 
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at 350-400 mg/L. However, malathion was mora toxic than 
sevin at 20-30 tng/L. The present observations when compared 
to those obtained at different temperatures showed somewhat 
lower potencies. Even then these concentrations can bring 
about considerable damage to the fishes in their natural 
envi foment • 
Till date no studies have been made in India on 
the toxicity of chemical pesticides to fish under varying 
environmental hardness regimes and roost of the work that 
have been done so far relates to North American continent. 
Henderson «t.£l.. (I960) used both hard and soft waters in 
toxicity tests with organochlorine and organophotphorus 
pesticides* using fathead minnows. They could not find any 
significant difference in 96 hours LCSO values for the ten 
organophosphorus compounds which were used in static tes ts 
for hardness values of 20 and 400 mg/L and this was ins.pita 
of the fact that the pH difference was snail . Similarly 
tes ts for organochlorine compounds did show only snail 
differences between pesticides in soft and hard waters. 
Pickering and Henderson (1966) examined the effects of carba-
mate* and found cunate to be more toxic in soft waters. 
Fennate was however, store toxic In hard water. Alabaster 
(1969) tested a large number of pesticide femulations on 
harlequin fish but could not find any consistent differences 
between toxicity in soft and hard waters. Commercial DDT 
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was found to be wore toxic in soft water, the- 48 hour LCSO 
being 0.0031 mg/L in hard water and 0.00064 ag/L in soft 
water. 
During the present studios, channa ounctatus did not 
show any significant difference in the LCSO values of DOT 
at variable hardness regimes* This shewed that such a 
factor does not govern the susceptibility of the fish as 
has been reported by some workers. However $ nalathion and 
savin exhibited a difference in their toxicit ies to the 
fish. The 24 hour LCSO values for aalathion in soft and 
hard water were 0.475 m& 0.760 ppo respectively while for 
savin i t was 6.833 and 9.161 ppo< respectively. 
Alabaster (1969) found DDT to be more toxic in soft 
water than in hard water, though no significant difference 
could be obtained by the present author. During the present 
studies and at temperatures of 25 to 26°c and 200-225 ng/L 
hardness, the 24, 48, 72 and 96 hour LC50 values were 0.373, 
0.331, 0.285 and 0.224 ppn respectively for DDT. It may thus 
be said the hardness along with temperature has a pronounced 
effect on pesticide toxicity to channa ounctatus. 
As far as aalathlon *nd sevin *rm concerned they were 
found to be core toxic at lower hardness values. Several 
woxkers are of the opinion that toxicity i s often dependent 
on hardness (Bdward, 1973). It seens that hardness as a lone 
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factor does take part in affecting the toxicity of pesti-
cides. Though the pH of the test solution (7.5-8.0) did 
not vary much, malathlon and savin exhibited toxicit ies 
which were inversely related to hardness. In the present 
work hardness as an environmental factor affects the 
toxicity of malathlon and sevin quite conspicuously and to 
« lesser extent that of DDT. Indeed the effects of tempe-
rature, hardness and pK on the effectiveness of such 
chemicals cannot be ruled out* 
Keeping in view the haxmful effects these chemicals 
can bring about, presumable harmless concentrations (table IB) 
were derived. The lowest and the highest permissible levels 
which may be considered safe for the fish were 0.078, 0.194 
and 2.444 pps for DDT, maiathion and sevin respectively. 
These values could be of immense help under field conditions 
to control water pollution as well as for manipulating 
pest management techniques. 
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Since the pH of natural waters nay be variable i f was 
considered desirable to observe i t s affacts: on the suscepti-
bi l i ty of Channa punetatus to DDT, siaiathlon and tavin. For 
this purpose desired ranges of 4-5, 7-8 and 1G~H pH were 
obtained by adding concentrated hydrochloric acid or sodium 
hydroxide of superior quality to water. Under such conditions 
the temperature of the viator ranged frost 26 to 28°c, dissolved 
oxygon fron 7,1 to 8.0 eig/L, bicarbonates from 360 to 420 mg/L 
and hardness fro* 360 to 440 mg/L. 
The results obtained (tables 19 to 22) showed that in 
all rang•» of pH observed by the present author* DDT was the 
most toxic, Mai at hi on and savin followed in their toxic offsets. 
Whilo the LCSO values of DDT at the three pH regimes did not 
show any sign! fie ant difference, salathion and savin dif farad 
greatly in their effectiveness at every range of pH. 
The LCSO values showed that DDT was more toxic at 
higher pH regime and the values were found to be 0.314, 0.258, 
0.241 and 0.212 ppo for 24, 48, 72 and 96 hours respectively. 
At lower pH regime DDT exhibited rather slight toxicity but 
the LCSO values obtained for 24 hours at different pi! regimes 
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maiathlon and sevin could be more toxic at loiter pH values 
than at higher ones (table 2L., 
The relative effectiveness of DDT, maiathlon and 
sevin at different pH ranges on the basis of 24 hour exposure 
period was further calculated. DDT was found to be 31.63, 
2% .20 and 11.61 tines more toxic than sevin at 10-11, 7-8 and 
4-5 pK ranges respectively (table 22), whereas malathion was 
6.93, 11.39 and 9.63 times more toxic than sevin at the sane 
pK ranges. The relative effectiveness of these toxicants 
demonstrates how harmful these chemicals can be to natural 
and cultured fisheries. 
A review of the available literature shows that practi-
cal ly no work has been done in India on the effects of pH in 
relation to their susceptibility to chemical toxicants. Even 
the information available otherwise i s very meagre• Henderson 
et.pl.. (I960) used waters with pH of 7.4 and 8.2 and having 
hardness values of 20 and 400 mg/L in static bioassay tests 
for fathead minnows. Toxicity tests for organochlorine and 
organophosphorous compounds did not show any significant 
difference in LCSO values for 96 hours. However, Konar {1969} 
found that DDVP and phosphamidon were influenced by pH and 
the toxicity of these compounds was less pronounced in acidic 
medium than in alkaline ones. In 1966, Pickering and Henderson 
observed that the acute toxicity of organochlorine and organo-
- 100 -
Table 21: Relative potencies aoong different pH ranges for 
insecticides at 24 hours. 
Insac t l c ide 
DDT 
Malathion 
Sevin 
PH 
4 -
7 -
10 ~ 
4 -
7 -
iO -
4 -
7 -
XO -
5 
8 
IX 
3 
8 
XX 
5 
e 
IX 
Relat ive 
potencies 
1.000 
1.3X2 
X.260 
3.072 
1.850 
1.000 
2 .128 
1.160 
1.000 
ALP 
1.000 
1.327 
1.476 
3 .395 
2 .001 
1.0QD 
2.294 
1.230 
1 .000 
ALO 
1.030 
1.133 
1.098 
2 .903 
1.712 
1.000 
2 .003 
1.092 
1.000 
AUP « Upper fiducial limit 
ALL • Lower fiducial l imit. 
Tabic 20t Itelatiie poteiciea ;ltnln different exposure tfcaes for DB2. liaLat&on acid Sttrln a t 
different pH Tizxgea, 
P« Hours Ito.latlv© potencies AJJ2 ATX) 
? ? l 
4 - 5 
7 - 8 
1 0 - 1 1 
24 
43 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
1.000 
1.217 
1.399 
1.547 
1.000 
1.130 
1.33B 
1.488 
1.000 
1.172 
1.279 
1.447 
1.000 
1.467 
1.688 
2.007 
1.000 
1.338 
1.588 
1.7B5 
1.000 
1.445 
1.570 
1.804 
1.000 
1.015 
1.170 
1.378 
1.000 
0.956 
1.136 
1*261 
1.000 
0.959 
1.044 
1.181 
M§ksi$]&£tiBk 
4 - 5 
7 - 8 
1 0 - 1 1 
24 
48 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
1.000 
1.121 
1.453 
1.453 
1.000 
1.052 
1*132 
1*194 
1.000 
1.026 
1.062 
1.073 
1.000 
1.270 
1.453 
1.668 
1.000 
1 . W 
1.207 
1.276 
1.000 
1.064 
1.103 
1.115 
1.000 
0.991 
1.133 
1.285 
1.000 
O.991 
1*064 
1.124 
1.000 
0.990 
1.024 
1.034 
<J0 
4 - 5 
7 - 8 
10 - 11 
34 
48 
72 
96 
24 
43 
72 
96 
24 
48 
72 
96 
1.000 
1.060 
1.112 
1.168 
1.000 
1.092 
1.161 
1.335 
1.000 
1.022 
1.067 
1.107 
1.000 
1.160 
1.223 
1.236 
1.000 
1.165 
1.241 
1.435 
1.000 
1.069 
1.119 
1.164 
1.000 
0.967 
1.016 
1.066 
1.000 
1*024 
1.090 
1.249 
1.000 
H.976 
1.019 
1. 
jpjp m Upper fiducial H o l t s 
AW m Lower f l&ielal H a l t s . 
- 101 -
Tabia 221 miat iva potancias bstwaan insacticldas at diffarant 
pK ranges for 24 hours. 
' • ' » 
pH Ins^cticida Ralativa AUP ALO PHC 
potancias 
DDT U . 6 1 14.48 11.11 0.070 
4 * 5 fcalathion 9.63 10.93 8.41 0.103 
Savin 1.00 1.00 1.00 1.191 
DDT 29.20 35.24 28.67 0.064 
7 * 8 Maiethion 11.39 12.61 10.32 0,203 
Savin 1.00 1.03 1.00 2.056 
DDT 31.63 39.12 31.11 0.052 
10 - 11 Malathion 6.93 7.72 6.20 0.403 
Savin l.OQ 1.00 1.00 2.897 
AUP * Uppar fiducial l imit 
ALO B i*ow@r fiducial U n i t 
* ss prasusable haxmlass concentration. 
Tablet 19» Problt analysis out pat of DOT, MalatMon and Servfe at different pH rongec. 
pH 
4 - 5 
7 - 8 
10 - 11 
am re 
24 
48 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
Itogzesslori 
Y a - 8.46 
Y » - 4.73 
Y - - 2.03 
Y » - 3 .70 
Y a - 7.04 
Y « - 7.36 
Y a - 4.59 
Y « - 4.34 
Y a -5 .62 
Y a - 2.55 
Y a - 5.16 
Y a - 2.27 
equation 
4> 
-*> 
• 
•* 
• 
5.1BX 
3.86X 
2.89X 
3-46X 
4.85X 
5.CBX 
4.03X 
4.05X 
4.25X 
3.12Z 
3.451 
3.12X 
Chi aqaaae 
X.*t 
0.914 
8.499 
12.128 
5.905 
3»229 
5.724 
1.422 
3.972 
4.420 
11.622 
4.005 
2.507 
LC5n* 
0.597 
0.552 
0.284 
0.244 
0.5C4 
0.270 
0.225 
0.203 
0.314 
0.259 
0.241 
0.212 
AUJ» 
0.459 
0.374 
0.334 
0.279 
0*358 
0.301 
0.258 
0.255 
0.352 
0.302 
0.279 
0.251 
/X0 
0.561 
0.290 
0.257 
0.211 
0.272 
0.259 
0.195 
0.171 
0.275 
0.204 
0.206 
0.172 
•Iffli^toftfiffll 
4 - 5 24 Y a -11.66 • 6»22 X 
48 Y - -10 .17 • 5.77X 
72 * «• - 7.48 • 4.86X 
96 Y « - 8.02 + 5- iex 
7 - 8 24 * - -28.55 • 11.57X 
48 I « -26 .80 4- 11.05X 
72 Y m -24.58 • 1D.40X 
96 Y a -26 .90 • 11.51X 
tO - 11 24 X • -48.26 • 16.84X 
48 X • -49 .84 4- ff-401 
72 * » -55.06 4- 19.14X 
96 Y » -54 .45 • 18.97X 
C.069 
5*556 
1.440 
2.509 
0.295 
1.432 
0.572 
0.220 
1.012 
2.0B6 
1.849 
0.464 
0.477 
0.427 
0.572 
0.527 
0.792 
0.752 
0.698 
0.663 
1.456 
1.572 
1.558 
0.517 
0.465 
0.410 
0.561 
0^.25 
0.784 
0.753 
0.694 
1.498 
t.456 
1.407 
1.594 
0.441 
0.591 
0.554 
0.290 
0.758 
0.719 
0.660
 f 
0.688 ^ 
1.415 1 
*.5T*J 
1.554 
1.319 
4 - 5 
7 - 8 
10-11 
24 
48 
72 
96 
24 
48 
72 
96 
24 
48 
72 
96 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
a -27 .92 * 8.95& 
a -27.23 • 8*853 
a -28 .71 • 9.29& 
a -22 .60 4- 7.65X 
a -41.55 4* 11.80X 
» -55.51 • 9.30Z 
a -29.68 • 8.95X 
m -54.08 4- 10.22X 
a -49.07 4- 15.48X 
a -48,90 • 15.47* 
a -56 .22 4. 14.57X 
a -60 .50 • 16.511 
1.965 
1.917 
1.749 
0.859 
0.789 
2.458 
1.0S7 
0.809 
1.793 
1.607 
0.758 
1.618 
4.750 
5.475 
4.270 
5.045 
8.826 
8.112 
7.655 
6.657 
10.271 
10.062 
9.656 
9.^95 
5.070 
4.745 
4.527 
4.556 
9.221 
8.485 
8.029 
6.976 
10.655 
10*426 
9.955 
9.602 
4.542 
4.198 
4.009 
3.722 
8.478 
7.762 
7*267 
6.507 
9.900 
9.715 
9.518 
8.981 
* 
ABO 
Upper fiducial H a l t 
Lower f iducial l i n i t . 
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phosphorus compounds did not seem to be Influenced by pH, 
hardness and alkalinity. Soene other workers also did not 
find any influence of pH of the dilution water upon the 
toxicity of organophosphorous insecticides (Henderson and 
Pickering
 ( 1957; Darsis and Cor rid en, 1959 j Myer, 1965). 
There was no difference in the LC50 values of DOT 
for Channa punctatus at variable pH regimes (table 19) indi-
cating thereby that pH does not govern the susceptibility 
o* C3ianna punctatus to DDT. This i s because DDT i s one of 
the utost apoiar compounds known to exist (Matsusuira, 1976) 
and i s practically insoluble in water. Therefore, even vast 
variations in pH regimes did not effect the LC50 values. 
which remained more or less constant. For the sasie reason, 
Channe punctatus did not exhibit any differential susceptibi-
l i t y to DDT at different pH ranges (table 21) . 
Further, i t has been found that ffianna punctatus i s 
store susceptible to malathion and sevin at lower pH units than 
at higher ones. Malathion was 3.072 tines store toxic in 
acidic medium than in alkaline while sevin was 2.128 times 
more toxic at the sane pH ranges. This means that the node 
of action of aalathion and sevin on the susceptibility of the 
fish could be similar. This way be due to the decomposition 
of malathion and sevin in alkaline medium (Matsusmra, 1976). 
Therefore, in the present observations the LCSO's tended to 
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be trove toxic in acidic medium than in alkaline medium. 
v.eiat and Gekstatter (1964) also found that the rata of 
deterioration of organic phosphorus insecticides was nuch 
faster at pH 8 than at pK 7. Also, Sree Bsmulu (1979), 
described that malathion and sevin are incoo pat able to 
alkaline mediums. 
Undoubtedly the LC30 value of a pesticids could be 
an indicator of pollution and therefore i t s discharge into 
water resources would have to be regulated. The present 
author therefore translated the LC50 values into presumable 
harmless concentrations after the manner of Hart st^ajt. (1945) 
(table 21) and these values should be of immense help for 
Improving the pesticide application practices by the controlled 
use of insecticides on crops, *hich ultimately reach water 
bodies by surface runoff during monsoon season. Thus i t can 
safsly be suggested that LC50«s relative potencies and presum-
able harmless concentrations provide a more practical and 
safer regulation of pesticides into water bodies inhabited 
by the fishes. 
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EFFECT OF SUB-LETHAL POSES QF DDT. MALATHIQN kW SSVIN TO 
CffANNA PUKCTATUS 
Both short term and intermediate term t e s t s are 
conducted to determine the suscept ibi l i ty of a fifth to 
chemical pest ic ide. Short tern t e s t s are useful in provid-
ing an estimate of acute tox ic i ty where as intermediate 
t e s t s provide an estimate of the chronic and safe 
concentration* which can be used without causing any 
harmful effects over long periods of t i n e . During the 
present studies counted uewbers of fihanna punctatuft were 
subjected to sublethal doses of DDT, malathion and sevin 
to determine safe dosages of the pest ic ides for use in 
freshwater habitats as also for recording the growth of 
fish. 
preliminary bloassay tr ia ls were conducted to 
determine the DOT» ssalathlon and sevln concentrations which 
can be used for determining the range of these toxicants. 
The dose ranges for DDT* malathion and sevln tested were 
Q.0Q5-O.320, 0.062-0.400 and 0.075-2.4 ppc respectively. 
The physico-chemical characteristics of the test water 
during the experiments varied as follows: temperature 
frost 17 to 2i°C; dissolved oxygen from 6.0 to 9.0 *jg/L| 
bicarbonate* 350 to 380 ug/L; hardness 365 to 396 ng/L and 
pH fro* 7.3 to 7.7. 
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Studies pertaining to growth were also made over 
an eight week period *h#n the fishes were subjected to 
sublethal doses of the insecticides* The fishes received 
*ad lib!tun' supply of food until satiated every day t i l l 
the end of the experlnent. Changes in length and weight 
of the fishes were recorded at weekly intervals and growth 
rate as also condition factor were determined. The sub-
lethal and safe concentrations were obtained from inter-
mediate bioassays, at which fishes did not exhibit any 
mortality for sixty days. The mortality response of 
Channa ounctatus to different concentrations of the 
insecticides and at different exposure periods i s shown 
in table 23. This table signifies that the three 
toxicants become more toxic with an increase in exposure 
time. At the highest concentration of al l the three 
toxicants mortality was IQQ& within 20 to 30 days of the 
exposure of the fish to the toxicant. There was no 
mortality in the controls at well »u in fishes that were 
exposed to the Iowa at concentration of any of these 
toxicants, significant Bortallty was however, witnessed 
in al l groups exposed to intermediate concentrations and 
this exhibited doss dependent graded response. The highest 
concentrations at which the fishes did not show any harmful 
effects were 0.005, 0.062 and 0.075 pp» for DDT, ID al at hi on 
and sevln respectively over a period of 60 day exposure. 
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Table 23s Sens i t iv i ty of phanna punctata* t o sublethal dosas 
of DDT, fc'aiathicn and Savin. 
Cone an t ra t i on 
(Ppo) 
percent Mortality 
Days 
10 20 30 40 50 60 
00 
00 
15 
35 
00 
00 
30 
55 
00 
10 
35 
55 
00 
15 
50 
70 
QQ 
20 
SO 
75 
00 
25 
65 
95 
9 p,y 
0.005 
0.010 
0.020 
0.040 
0,080 60 75 80 85 90 100 
0.160 85 90 95 100 100 100 
0.320 90 100 100 100 100 100 
ft4*thJon 
0.062 
0.125 
0.25 
0.50 
0.100 
0.200 
0.400 95 100 100 100 100 100 
00 
00 
25 
40 
65 
80 
00 
5 
30 
60 
90 
95 
00 
10 
40 
70 
95 
100 
00 
15 
45 
70 
95 
100 
00 
2 0 
50 
75 
100* 
100 
00 
20 
65 
85 
10O 
100 
Savin 
0.075 
0.150 
0.300 
0.600 
1.200 
2,400 
00 
00 
00 
40 
65 
80 
00 
00 
30 
60 
90 
95 
00 
10 
40 
70 
95 
100 
00 
15 
45 
75 
95 
100 
00 
20 
50 
75 
100 
100 
00 
25 
'65 
85 
100 
100 
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The safe concentrations thus obtained were used to 
study the growth of the fish in the toxic environment. The 
length and weight changes in the control as well as in 
experimental fishes for an eight week period are presented 
in table 24 whereas growth parameters of Channs punctatus 
under pesticidal stress are depicted in table 25. The 
length-weight relationship was estlsiated separately for 
control and for fishes which had been exposed to DOT* 
malathion and sevin. in al l eases the relationship was 
found to be linear in the logarithmic form confixning to 
the general formula expressing the length-height relation* 
B 
ship in fishes viz . Log * * a + b (Log L) or fe » aL . 
Consequently the correlation coefficients between the two 
variables for control as well as pesticide stressed 
experimental fishes were significant at 5* leve l , in 
order to find out i f the values of exponents differ fron 
3, the exponents of control and experimental fishes were 
compared. I t was found that thl le in tests with sevin 
the exponent did not differ significantly fron 3 , in 
control, DDT and rralathior lots i t did. This showed that 
the relation between length and weight in sevin stress 
stay not significantly deviate fras> the so called cube law 
signifying an isonetric pattern of growth. The value of 
exponent in control, which i s significantly saore than 3 
may be said to denote that the fish does not maintain 
isometric pattern of growth. In other words the species 
s 
t 
t 
t 
« 
3 
4» 
$ 
S 
6 
« 
! 
c 
m 
-A 
6 
6 
1 
54 
e 
o 
H 
o 
I 
4* 
-31. 
£2 
x 
» S 
4* 
2~ 
S I * 
• 5 
8 -. 
112 
8.1* 
as.i ! 
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Table 25» Sams aspects of pesticide! stress in relation to 
the growth of Channa p u n c t a t a 
parameter Control DDT Malathion Sevin 
Stress level (ppn) 
Correlation coeff icient 
Length v» weight 
»t» 
Mean gain in length 
(as/week) 
Mean gain i n weight 
(gst/week) 
Condition factor (K) 
Growth rate 
Increase in growth 
over control {%) 
0.0 0,005 0.062 
0.890 0.876 
0.12 0.58 
2.97 1.89 
0.890 
5.1643e 4.812* 5.153e 
0.76 
0.8110 2.0770 1.8654 
1.07 
0.0697 0.1600 0.1340 
156.10 130.01 
0.075 
0.894 
5.291* 
0.37 
1.6078 
1.96 
0.1187 
98.25 
•Significant at 1% l e v e l . 
Regression equation fori 
Control * Log fc - -6.1120*8.221 Log L 
DDT - L o g ft - -1.2135*2.4425 Leg L 
Malathion « Log t » -0 .6926 * 1.8316 Log L 
Sevin • Log fe » -1.8310 + 3.0959 Log L. 
- 110 -
becomes heavier for their length as they grow. The situa-
tion was Just the reverse in the case of DDT and roalathion 
and the fishes became lighter for their length as they 
grew. 
Table 24 clearly indicates continuous growth in 
control as well as in experimental groups of the fishes. 
Normal growth pattern was observed only in the controls 
and the rate of growth was considerably accelerated in the 
case of the treated fishes. Mean gain in length and weight 
(Table 24) showed that DOT stressed fishes exhibited 
ISo.lG&aore growth (weight) than the control ones. 
Similarly, 130.01% and 96*25% store growth was observed 
for fishes exposed to aiaiathion and sevln. The growth 
rates of fishes exposed to DDT, malathion and sevin were 
comparatively greater than the nozmal ones (Table 23). 
At the end of the ex peri cents the condition factors (K) of 
fishes calculated for control, DDT, malathion and sevin 
were 2.97, 1.89, 1.07 and 1.96 respectively. This indicates 
that though the fishes under pesticldel stress gained 
considerable lengths and weights, the well being of fishes 
was not good compared to control ones. 
In conclusion i t may be said that the fishes under 
chronic stress of the three toxicants grew much faster 
than the controls. 
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Vorfc pertaining to the determination of chronic 
levels and grovth studies under stress are sieagre for 
Indian fishes. Konar (i969) while conducting bioessays 
with dichlorovos and phosphamidon against certain fishes 
observed that 168 hour LC50 values v.ere generally 1/3 to 
2/3 more then the LCO values, srivastava and Konar (1965) 
determined 168 hour LCO for Aeiphipnous cue hi a and labeo 
rehita #nd the values were 6.4 and 150.0 pp» respectively. 
In 1966 the same authors conducted experiments with 
dichlorovoa and found that the 168 hour LCO for Trichoaaater 
fflsclatua was 1.0 ppn while for Betsrooneustss fo ts l l l s 
i t was 130.0 ppfc. Joshi, Atoinikutty and Btge (1981) expo-
sed Gaabusla afflnis and Gyanocorvabus taraetzj. to thiodon 
stress for sixteen weeks and found that the maximum accep-
table toxicant concentration for both species of fishes 
was between 0.0001 and 0.0004 pom. Til a pi a mo&sanblca. 
when subjected to alclrin pressure at 0.022 ppn for 90 days 
did not influence the growth and reproduction of fish 
(Ghosh and Konar, 1979). 
Assong the notable works on the effect of the growth 
of fishes subjected to insecticidal pressure are those of 
Allison j&. al,,. (1964), Andrews j&. j£.. (1966), Macek 
(1968), Grant and Mehrle (1970) md Kennedy ft,. j£,. (1970). 
An Indian species, Tllapla reossambica when subjected to 
aldrin pressure at four concentrations between 0.125 and 
- 112 -
0.022 ppm for 48 days (Ghosh and Konar, 1979) showed 6,0 
percent growth over the control at the lowest concentra-
tion of 0.022 ppm aidrin but died at other concentrations. 
fchen Heterooneustes foss i l i s was exposed to different 
concentrations of malathion, over an eight week period, 
Chaudhari j&t. j^» (1981) recorded a decrease in growth 
rate special ly at higher concentrations. Similar observa-
tions were made by Joshi e t . ad.. (1981) with Garobusla 
af f ln l s and uvasnocorystbus t a met s i *ho found that the rate 
of growth got retarded with an increase in concentration. 
The safe concentrations of the pest ic ides deter-
mined during the present studies for Channa punctatus were 
vary low shoving thereby that chronic t o x i c i t i e s could be 
more harmful than the acute t o x i c i t i e s during extended 
periods of s tress . The safe l eve l s for DDT, malathion and 
savin were 0.005, 0.062 and 0.073 ppat respectively. 
The fishes exposed to the pesticides showed cons i -
derably more growth as compare i to the untreated ones. 
Matsumura (1976) i s of the opinion that l ike curare, 
eserine and nicotine, DDT i t s e l f could increase the ac.ount 
of free acetylcholine. He also contemplates that the 
release of free acetylcholine resuits in nervous over-
excitement and this in tum may increase the metabolic rate 
of the f i shes , *Mch i s why they grow faster (tables 24 & 25) . 
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The effects of mai<sthion and sevin on fish growth are not 
clearly understood. I t may be possible that low levels of 
ins&cticidal s t ress over long periods may keep the fishes 
in an excited s ta te and increase the i r metabolic a c t i v i t i e s . 
In conclusion i t ir.ay be said that safe levels as 
determined by the present author could be ut i l ized for 
treating aquatic habitats at doses which are non-inurious 
to fishes and other useful organisms. 
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The method gen ral ly employed to determine the 
acute toxicity of pesticides i s to expose the fishes for a 
defined period of time to graded concentrations of the 
toxicant under study and then determine the nedian lethal 
concentration from the observed o-ort all t i e s . An alternate 
method consists in holding the fishes in sealed j a r s with 
graded concentrations of a toxicant and then recording 
the level of oxygen after a set period of time following 
the death of the fishes. The value of residual oxygen 
so obtained i s used as an indicator of the toxicity of the 
pesticide. Since th i s method could be easily employed for 
evaluating the acute toxici ty, the present author employed 
i t to determine the toxic i t ies of DDT* malathion and sevin 
to Channa punctalus. 
Geometric serial dilutions of toxicants in water 
were prepared and air-saturated with oxygen. The thermally 
aquilibriated and acclimated fishes to ambient room tempera-
tures were introduced into a i r t ight sealed j a r s without 
entrapping a i r bubbles and causing a Btininus of disturbance, 
only one fish was introduced into each j a r . Residual oxygen 
concentration at death was determined by azide modification 
of t i nk le r ' s method and three replicates per t es t concentra-
tion were made along with the controls. 
- U 5 -
Residual oxygen concentrat ions as percent of s i r 
sa tura t ion were transforae J to ere-s ine values and plot ted 
against the logarithm of toxicant concentra t ion, fcith 
the help of simultaneous solution of the l e a s t squares 
regression l i n e s f i t to the data* an estimate of the 
In f l ec t ion point vas determined. The experiments were 
conducted at 22 to 25°C in 500 cc and 1000 cc sealed j a r s . 
Tables 26 represents the toxicant concentra t ions , 
v eight of fishes* t h e i r survival t ime, residual oxygen 
values , percent saturat ion of residual oxygen and a r c -
sine transformations t o normalise the da t a . Figure 7 shows 
the in f l ec t ion points for DDT* malathion and sevin at 500 
and 1000 cc capac i t i e s of t e s t v a t e r volumes. The i n f l e c -
t ion point gives the threshold toxicant concentrat ion for 
Cham a punctatus . The threshhold toxicant concentrat ion 
vdth DOT *t»* 0*6 and 0.49 ppm at loading dens i t i e s of 1 gin 
per 52 and 1U5 cc respect ive ly , s imi la r ly the values 
obtained for malathion and sevin were 0.43 and 11.5 ppn 
for 500 cc volume and 0.42 and 7.5 ppm for 1000 cc volume 
respect ively ( t a b l e 2 7 ) , 
The f i r s t experiments by residual oxygen method v»ere 
conducted by Carter in 1962, He subjected a^lmp t r u t t a to 
se r i a l d i lu t ions of cyanide and copper in seal ad containers 
and found t h a t *hen the f ishes died the residual oxygen 
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Figure 7, The affect ©f loading density on the t ox i c i t y 
of ODTt malathion and sevin t o Ghanna jjunct.atus 
in the residual oxygen method. 
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Table 27s Cofflparltion between 96 hour LG5Q and threshold 
toxicant concentration. 
Insect ic ide 
DDT 
fcaltthion 
Savin 
96 hour 
LC50 
ippm) 
0.121 
0.874 
4.957 
Loading 
density 
(g»/cc) 
1/52 
1/105 
1/65 
1/146 
1/62 
1/211 
Threshold 
toxicant 
conctn-
trat i on 
0.6 
0.49 
0.43 
0.42 
11.5 
7.5 
Ratio of 96 
hour LC50 and 
threshhold 
toxicant con-
centration 
4.96 
4.05 
0.49 
0.48 
2.32 
1.51 
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concentration was considerably higher at higher concen-
trations of the toxicant, in their studies with the sarins 
f i»h» Ambasis safqha. Ballard and o l i f f (1969) showed 
residual oxygen responses closely placed to the median 
lethal concentrations for mercuric chloride and phenol. 
Such studies were also pursued by McLeay (1976) and Gordon 
and McLeay (1977) with different toxicants such as zinc, 
phenol, dehydroabietic acid, mercuric chloride and lindane. 
They found that a threshhold toxicant concentration existed 
above which the residual oxygen concentration also increased. 
Further, they stressed that the threshhold value in most 
cases ranged between 0.5 and 1.5 of 96 hour LC50 determined 
by conventional bioassay t e s t s . However, Vigers and 
Maynard (1977) while experimenting with juvenile rainbow 
trout could not establish any significant difference 
between the residual oxygen and conventional s tat ic b io-
assays with three different effluents of a pi lot plant 
kraft pulp s t i l l . 
The present vr i ter observed that when the fishes were 
subjected to pressure with DOT, malathion and sevin under 
reduced dissolved oxygen concentration they showed increased 
susceptibi l i ty to the toxicant* This phenomenon was also 
demonstrated by Lloyd (1961), Alderdice (1963), Pickering 
(1968) and Hicks and Defcitt (1971). During the present 
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studies also the amount of residual ^xygen was greater at 
higher concentration* (figure 7; . The 96 hour LC50 values 
for DDT» malathion and sevin were 0.121, 0.874 and 4.957 
pp© at 24-26°C range (chapter 5 ) . The threshhold toxicant 
concentrations for about the same temperature range were 
0 .6 , 0.43 and 11.5 ppm with 500 cc Volume of t e s t water 
and 0.49* 0.42 and 7.5 ppm with lODG cc volume of t e s t 
water for DDT, Bsalathlon and sevin respectively. The ratios 
between 96 hour LC5Q and threshhold toxicant concentration 
ranged between 0.48 and 4.96 for the three toxicants 
(table 27 ) . These results are not in agreement with those 
of Ballard and o l i f f (1969) t frcUay (1976) and Gordon and 
McLeay (1977) who found, threshhold toxicant concentrations 
to range from 0.5 to 1.5 of 96 hour LC50. in the present 
case the values were more or l e s s similar to the above ones 
when t e s t s were made vith n;«dathion and sevin. DDT values 
however* deviated greatly. The deviations so observed could 
be attributed to differences in the chemical nature of the 
toxicants used, perhaps the capacity of sealed jars also 
effected the threshhold toxicant concentrations as the 
loading density changed. And so i t may be said that the 
loading density of fishes per unit volume could effect the 
threshhold toxicant concentration. Giles and Klaprat (1979) 
are also of the opinion that major interactions occur among 
factors such as temperature, bottle s i z e , fish s ize and th i s 
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could account for the variations in the threshold toxicant 
concentrations that were seen vhen Channa ounctatus was 
pressurised mdth DDT* malathion and savin* 
I t seems that once variables are controlled, the 
residue! oxygen method gives values for the toxicity 
threshold which l i e close or form a definite ratio to the 
median lethal concentration that i s generally observed in 
routine tes t s . The method i s hovever, simple and results 
can be obtained in 8 to 10 hours. This method can there-
fore, be effectively used for the monitoring of toxic 
effluents and for screening large number of materials for 
determining their toxic components. 
i . The predominant occupants of the freshwater pond 
called *Diggi» are phytopianktons. microcystis sp. 
of Myxophyceae group are indeed dominant. 
2 . There i s a chronic deficiency of dissolved oxygen in 
the pond due to heavy loads of nutr ients . 
3 . The equilibrlun P « H steady state situation i s 
disturbed and the proportionate Bake up of trophic 
levels i s broken down vdth the result that economically 
important fishes are not found in the pond. Soste 
airbreathing hardy fishes could however be collected 
throughout the year. 
4 . on the basis of oxygen consumed and biological oxygen 
demand obtained oy the author i t may be said that the 
Digji pond i s a polluted ecosystem and i s as such 
unsuitable for fish cul ture . 
5. DDT and sevin are the most toxic compounds at higher 
temperatures to Channa punctatus. Malathion i s 
significantly toxic only at lover temperatures. 
£• Channa punctatus i s less susceptible to DDT, malathion 
and sevin at higher hardnesses than at lover hardness. 
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7. The sens i t iv i ty of phanna punctatus to Ralathion and 
savin was found to be higher at lower pH. DDT was 
however, more toxic at higher pH. 
8 . In a i l experiments the tox ic i ty to Channa punctatus 
increased with the period of i t s exposure to the 
insect ic ides . 
9 . The safe concentrations proposed may be conveniently 
used for the regulation and control of water pollution 
due to pest ic ides . 
10. The fish, Channa punctatus can grow even under tremen-
dous chronic stress of B»DT, malathion and sevin. 
11. The sublethal l eve l s of doses determined for DDT, 
naalathion and sevin are safe over a s ixty day period 
and may be used without causing any harmful affects to 
the f i sh . 
12. The results obtained on the basis of the residual oxygen 
experiments indicated that th i s could be a convenient 
and easier method for determining the acute tox ic i ty 
of pesticides to Channa punctatus. 
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The physico-chemical conditions prevailing in a 
freshwater fish pond situated in the v ic in i ty of the 
university campus and commonly known as 'Diggi* were 
studied with special reference to nutrient pollutants 
and to obtain a better insight into qualitative and 
quantitative relationship between the conditions of water 
and the occurrence of different aquatic species therein. 
Phytopl ark tons were generally predominant over the 
zooplanktons, the former having five peaks in January, 
Februaryt tftay* July and October while the la ter had the ir 
maximum only in June. Of the several physico-chemical 
parameters determined none showed any def ini te relationship 
with phytoplankton production. The abi l i ty of algae to 
obtain CU, v*as indicated. The values of bicarbonate* chloride 
and total dissolved solids varied during sunt ar and monsoon 
seasons because of water evaporation and ra in fa l l . 
Nitrate seemed essential for the growth of 
Chlorophyceae as i t was posit ively correlated (r « 0 .620) . 
The relationship between s i l i c a t e level and diatom population 
was not s ignif icant . Instead diatom population was s i g n i f i -
cantly correlated with phosphate, the * r* value being 0.717. 
There was not a single dominant group of phytopl ankton through-
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out the period of study, each cade i t s appearance in a 
dominating form during one or the other month. Zooplankton 
formed a peak only once in the month of June* Phytopiankton 
aa a group had no relationship with the nutrient content of 
the pond. However, the density of bacillariophyceae and 
euglenaceae v as Influenced by several factors, temperature, 
pH and dissolved oxygen and the multiple correlation 
a m 0.786 and 0.747, F « 4.370 and 3.382, d.f. • 3 and 6 
were significant at 5 and 10# respectively, Chlorophyceae 
vas susceptible to alkal inity, free Cu2 and pK. Similarly 
the nutrients, phosphate, ammonia-nitrogen and nitrate 
nitrogen together controlled the growth of chlorophyceae, 
bacillariophyceae and euglenaceae. 
Higher temperatures indicated lower organic matter 
values and lov* temperatures showed higher organic matter 
values. pH vas related to free carbondioxide, carbonate and 
total alkalinity where free CU2 v a s observed at and belo* 
pH 8.7 and carbonate at and above 8.75. The turbidity in 
the pond ves mostly caused by the phytopiankton. 
The higher chloride, oxygen consumed and BOD values 
Indicated a high degree of pollution. The presence of 
microcystis sp. in huge numbers also indicated an advanced 
eutrophlc nature of the pond. 
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The equilibrium between photosynthesis IP) and 
respiration (H) seemed to have shifted ? » R steady state 
situation abnormally due to excessive organic and inorganic 
nutrients. The P « R steady state shift seeaed to be 
responsible for the absence of del icate economically important 
species of f i shes . Sooe hardy, air breathing,, carnivorous 
and detritus feeding species were however collected during 
the various seasons of the year. 
Sensit ivity of the freshwater t e l eos t , fflanna 
punctatus to organic insect ic ides DDT, a al at hi on and savin 
was also studied. For t h i s juveniles were netted from 
local freshwater sources at Aligarh and were transferred to 
g lass aquaria containing unchlorinated borehole water. 
Fishes 4 to 7 cms in length were acclinatized to laboratory 
conditions and were fed on goat l i v e r food on every alternate 
day. 
Short term t e s t s of stat ic bioassays were conducted 
to determine the LC50 values at time intervals of 24, 48, 
72 and 96 hours. These t e s t s were performed under varying 
conditions of temperature, pH and hardness. Test solutions 
were stabil ized to ambient room temperatures at different 
seasons of the year with temperature ranging from 14-16, 
24-26 and 32-34°c. Hardness ranges of 20-30, 200-225 and 
350-400 mq/L were prepared by deloniring the borehole water 
- 127 -
tvdce with a deionizer and mixing i t proportionately with 
borehole water to obtain the required degree of hardness 
ranges.pH ranges of 4~S» 7*6 and IQ-il units v ere obtained 
by using superior quality concentrated hydrochloric acid 
and sodium hydroxide. The dose-mortality responses observed 
during the course of above experiments were subjected to 
probit analysis . 
I t was found that under temperature studies, DOT and 
sevin were more toxic compounds at higher temperatures to 
the fish while malathion was toxic only at lower temperature. 
Temperature had profound influence on the potency of insec-
t ic ides whereby DDT was 64 fold stronger than sevin at higher 
temperature. Hardness as an environmental factor reduced 
the susceptibi l i ty of Channa nunc tat us with DDT, malathion 
and sevin at higher hardnesses. On the other hand, studies 
with variable pH units showed that a al at hi on and sevin were 
more toxic at lover pH while for DDT i t was more effect ive 
at higher pH. in general i t was observed that DDT was the 
most toxic compound followed by nalathion and sevin. 
Che ma punctatus was also pressurised to chronic l eve l s 
of the three toxicants to determine the concentrations which 
could be safely used without adversely effecting the non-
target organises. The growth of the f i r s t under such 
conditions of stress was also studied over an eight week 
period. The results obtained showed that such insect ic ide! 
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applications did have effect on the growth of the f i shes . 
Residual oxygen experiments were also conducted to 
determine the threshold toxicity of the insect ic ides to 
Chann* punctatus. Such values when cosipared with acute 
tox ic i ty showed that DDT and sevin were four and t*?o fold 
times core toxic than 96 hour LC50*s v i i l e for malathion 
i t was about 0 ,5 . 
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